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MYC03ACTERIAL RECOMBINANTS 
AND PEPTIDES 

Description 

5 Cross Reference to a Related Application 

This is a continuation-in-part of co-pending 
application Serial No, 019,529 filed on February 25, 
1987, that is incorporated herein by reference/ 
Technical Field 

10 The present invention relates to recombinant 

proteins and peptides related to mycobacteria, and 
particularly' to proteins of Mycobacterium 
tuberculosis that are coded for by adjacent open 
reading frames on complementary DNA strands of the 

15 genome and^vectOTS for propagating and" expressing 
^those recombinants-, as well as to peptides that 
correspond substantially in sequence to portions of 
those proteins. 
Background Art 

20 The mycobacteria are a diverse collection of 

acid-fast , gram-positive bacteria some of which cause 
important tiumari and animal, diseases [reviewed in 
Bloom et al. , (1983) , Rev^ Infect, Pis. , 5:765-730; 
and Chaparas, (1982) , CRC Reviews in Microbiology , 

25 £: 139*1971 . In man, the two most common 

mycobacter ia-caused diseases are tuberculosis and 
. leprosy, which result from infections with 
Mycobacterium tuberculosis and Mycobacterium leprae , 
respectively. These two diseases afflict more than 

30 65 million individuals world-wide and result in over 
4 million deaths annually , Bloom et al., (1983), Rev. 
Infect. Pis. , Si 765-780. 

The pathogenicity of these mycobacterial 
infections is closely tied to the host's immune 

35 response to the invading mycobacter ium [Chaparas, 
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(1982) r CRC Reviews in Microbiology. , 2:139-197; 
Collins, (1982) , Am, Rev. Respir. Dis. r 125 :42-49; 
Dannenberg, (1982) , Am. Rev. Respir. Dig. , 125:25-29; 
and Grange, (1984)/ Adv.' Tuberc. Res. , 21; 1-781 '. Not 

5 only does M. tuberculosis infect arid grow within 
cells of the host*s immune system/ primarily the 
aveolar macrophage ,. but also it is the host's 
cellular immune response that plays the key roles in 
immunity from infection, containment of the infection 

10 at the. initial focus bf infection, progression or 
regression of the infection, "and tissue damage or 
destruction at the foci of inf ectioir : CCfiaparas, 
(19821,- CRC Reviews In Micrbbioldgy ," 9:139-197; 
Collins 1 , (1982V, Am. :r Rev. Resipir . ^lsV* r f 2?: 41-49'? 

15 Danrieriberg; (1982) ' Am. Rev: Respir. "Pis." , 125 :25-29; 
arid Grange, (1984) /' Adv. Tuberc. Res. , 21:1-781 . In 
addition, the standaird method of detecting an" M. 
tuberculosis infection, the tuberculin skin test, 
actually measures the f host 1 s - cellular- immune response 

20 to the Mycobacterium [Snider, (1982) f Am. Rev. 
Respir . Pis. , 125 :108-1181 . The mycobacterial 
components that are important in eliciting the 
cellular immune response are not yet well defined. 

A number of studies have attempted "to define 

.. - -. ■ - _ ■% • •■- • • 

25 the mycobacterial antigens by standard biochemical 

and immunological techniques including the analysis 

of the target antigens of monoclonal hybridioma 

antibodies directed against mycobacteria [Daniel et 

al., (1978); Microbiol. Rev. , 42:84-113? Engers et 

30 al., (1985), Infect. Immun. , £8:603-605? Engers et 

al., (1986) , Infect. Immun. , 51:718-720? Grange, 

(1984) , Adv. Tuberc. Res. , 21:1-78; Ivanyi et al., 

(1985) , Monoclonal Antibodies Against Bacteria (A. J. 
L. and E. C. Macario, eds.) Academic Press, Inc. New 

35 York. pp. 59-90? and Stanford, (1983), The Biology of 
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the Mycobacteria (Ratledge and Stanford, eds.), 

Academic Press, London, vol. 2 f pp. 85-127]. 

One particular antigen, a 65 Icilodalton (KD) 

protein, is present in a wide range' of mycobacterial 
5 species and" has" been most intensively studied as- an 

antigen of leprae [Emmrich et al. f (1986)% J . Exp. 

Med. , 163 : 1024-1029; ' Gillis et al/, (1985) , Infect. 

Immun. , 49 : 3 71- 377V Young et al; , (1985) , Nature, 

31^:450-452; arid Mehra et at., (1986) Proc\ Natl, " 
10 Acad'/ Sci . USA / ^3 :¥oV3-70iyr.' : " This antigen has been 

designated the CSKlfYftVtgW 

p r dtel n-a (CWP- a j ariVigen 1 s i nee it appe ar s to a 
co-pur ify wiltlT^eir' wali^ in r sbife lad'fatibnr"- 
procedureV IGTlliir et al; , : (19&5r, Infect/ Immun . , 
' 15 4^:371- 377l7 r "' : : : - - : 'V-'" J - - = } 

In Western* blbf a&sltysy monoclonal 
"a^tibWies^^ react with 

two major components in an leprae extract that 
migrate with apparent sizes of 55", 000" and 65 , 000 

20 I daltons, and react occasionally with smaller 

components as well" [Angers" et ai. , (1985) / Infect. 
Immun. , 48:603-605 and Gillis et al. , (1985), Infect. 
Immun. , 37:172-1781 . If is not known if these 
species represent discrete proteins or precursors and 

25 products, or result from chemical or enzymatic 

cleavage' during isblktioh. In* other species, such as 
M« go r dona e , only a single" species of about 65,000 
daltons is detected with the monoclonal antibodies 
[Gillis et al . , flQflS) '/ Infect. Immun. , 49:371-377]. 

30 " The 65KD Antigen is one of the major 

immunoreactive proteins of the- mycobacteria. This 
antigen contains epitopes" that" "are unique to a given 
mycobacterial species as well as epitopes that are 
shared amongst various species of mycobacteria 

35 [Engers et al. , (1985), Infect. Immun. , 48:603-605 



i 
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and Gillis et al;, (1985), Infect. Immun. , 
^49:371-377]. In addition, some other, antigens that 
appear to be expressed by only one mycobacterial 
species are also' found to contain epitopes expressed 

5 in other mycobacterial species, [Kingston et al., 
(1987) Infect. Immun . / 55:3149.1 

As discussed hereinafter, it is now found 
that purified' 6 5KD antigen can elicit a strong 
delayed-type hypersensitivity reaction in 

10 experimental manuirals infected with" tuberculosis . 
Antibodies "directed against this" protein can also be 
detected in the sera of patients with tuberculosis or 
leprosy, and T-cells- "reactive with this antigen can 
be isolated 'f rom patients with leprosy or 

15 tuberculosis as 7 well' as ftom J 3CG- vaccina ted persons 

[Emarich et ai. : , (19861, JV SxpV Med . , 163:1024-1029; 
"fingers £t al. , (19861V Inf ect. immun'. ,' 51: 718-720'? 
Mustafa et al. , (1986) , Nature , 319:63-66; and Thole 
et alv, -(19851, Infect. IirnnunvV 50 : 800-8051 . 

20 Overall, the 65KD~ antigen appears' to be "a major, 
medically important B- and T-cell immunogen and 
antigen In humans. 
Brief Summary of the Invention 

^ The present invention relates to DNA 

25 sequences, vectors containing the DNA sequences, 
proteins, recombinant proteins, peptides, their 
method ot manuf acture" and" use that relate to a 
. Mycobacterium tuberculosis . More particularly, those 
DNA sequences, vectors, proteins, recombinants and 

30 peptides relate to two proteins denominated the 540 
(65KD) and 517 proteins that are coded for by 
adjacent open reading frames on complementary DNA 
strands of the mycobacterial genome. The peptides 
correspond substantially to portions of those 

35 proteins. 
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- One embodiment of the invention contemplates 
an isolated DNA molecule that consists essentially of 
a nucleotide sequence, from right to left and in the 
direction from 5'-end to 3' -end, corresponding to the 

5 sequence represented, by the formula of Figure 2 from 
about position 3950 to about position 2390 and in a 
consistent reading .frame coding for a 517 amino acid 
residue protein of Mycobacterium tuberculosis. More 
preferably, that sequence extends from position 3948 

10 through position . 2393, . ^ 

A plasmid ^vector that comprises a replicon 
operationally . linked _to^a..f preign DNA sequence such 
as. that above .and ^that is capable of regllcating that 
foreign DNA sequence ^in a replication/expression 

15 medium is also contemplated herein, particularly 
where the replication/expression medium is a 
unicellular organism, such as a bacterium like- 
2. coli. The plasmid vector typically includes 
sequence-encQded signals for initiation and 

20 , termination of transcription that are operationally 

linked to the .foreign DNA sequence and are compatible 

with the .replication/expression medium for 

transcribing a product coded for by the foreign DNA 
sequence^,, Further, . it can include a translation 

25. initiation codqn and a translation germination codon, 
each of which is operationally linked to the 5* -end 
and the .3' -end, respectively , of the DNA sequence, 
and are compatible with the replication/expression 
medium -for^expr ess ing"~a protein product coded for by 

30 the foreign DNA sequence. 

Still further, the 5 f -end of the foreign DNA 
sequence can be operationally linked in translational 
reading frame to the 3' -end of a second DNA sequence 
that codes for a second protein or protein fragment 

35 . or portion, such as the beta-galactosidase molecule. 
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The protein product expressed by that' vector is- thus 
a fusion protein that contains the second protein or 
protein fragment or portion at the amino-terminus and 
the first-named protein at the carboxy-terminus of 

5 the fusion protein;.- i.e., the fragment or portion of 
the second protein is at the araino-terminus of. the 
first-named protein. 

A culture comprising bacteria that contain a 
previously descr ibed plasmid.. vector in an aqueous 

10 medium appropriate for the expression of the 517 

amino .acid residue protein of -M -. , tuber culos i s is also 
contemplated* : . - \i : - 

.The present invention -further contemplates a 
method-for producing a 517 -amino .acid residue protein 

15 _of M. tuberculosis That . method -compr ises the steps 
of culturing a -replication/expression mediums 
containing a plasmid vector .for -replicating and - 
expressing foreign DNA sequence -contained therein* 
That^vector contains a foreign DNA sequence that 

20 corresponds substantially to the previously mentioned 
DNA molecule that encodes the sequence of the 517 
M. tuberculosis protein. The vector also contains 
operatively linked nucleotide sequences regulating 
replication and expression of the foreign DNA 

25 sequence*. The culturing is. carried out under 

conditions suitable for expression of the protein 

that is encoded by the foreign DNA. .The expressed 

protein .encoded by that foreign DNA sequence is 

thereafter harvested. Culture is typically carried * 

30 out using unicellular organisms as the 

replication/expression medium. Such unicellular ' 
organism are typically bacteria as described 
previously. • 

A method for determining previous 

35 .immunological exposure of a mammalian host to 
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Mycobacterium tuberculosis or Mycobacterium bovis is 
also contemplated. This method comprises the 
following steps. An inoculum that consists 
essentially .of the purified 65KD (540) protein. or an 

5 immunalogically,.active portion • thereof , coded for by 
the DNA sequence of Figure 2 is administered . 
intradermally to, an assayed mammalian host. That 
protein is dissolved ox dispersed in a : ... „ .." 
physiologically tolerable .dilueij| T and „ is present in 

10 that .diluent in an ..amount effective to induce 
erythema and induration in a .mammalian host., 
previously immun i zed ,w i th tuberculosis , or ^ . 
M. bovis. The mammal is maintained^for^a time per iod 
of about 24 .to About 72 hours. * ao$}_ . thereafter is 

15 as.say.ed fpr. r the r pres_en_ce. of ^r^tiema.,4n4 induration 
at the site of the intradermal administration at the 
end of that time period. In one aspect of this 
method the purified .65X0. ^Jcp,tAiA tJ ,i%.ol%ti| : in^:.Cron a 
mycobacter ium. such, as M. tuberculosis . ; In another. 

2a aspect of this method, the. purified protein is a._ 
recombinant 55KD protein : , or a recombinant fusion 
protein that contains,, a portion, of. a. w 
beta-galactosidase molecule peptid.e-bpndeci .to the 
amino- terminus of , the 6 5KD_ protein,, or to the 

25 amino-terminus. o£. an_ immunologically, .ACt.lXft.VJjO.ct Ion 
thereof. >4 This v type of. assay is usually, ^referred to 
as. a delayed cutaneous hypersensitivity. (DCH)~ assay . 

, Still another aspect of. the. .invention 
contemplates an inoculum that consists essentially of 

30 the purified 65KD (540 amino acid residue) protein 

antigen or a fusion protein that is coded for by the 
sequence of Figure 2. That protein antigen is . 
dissolved or dispersed in a physiologically, tolerable 
diluent, and is present in the diluent in an amount 

35 that is effective to induce erythema and induration 
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in a mammalian host previously immunized with 
M. tuberculosis or M. bovis. The 65KD protein 
antigen of the inoculum can be one of the proteins 
useful in the method described immediately above. 

5 Sttll a further aspect of the invention is a 

peptide that consists essentially of a 5 to about 40 
amino acid residue sequence that corresponds 
substantially to, a sequence of the 540 amino acid 
residue protein or -the 517 amino acid residue protein 

10 coded for by the DNA protein sequence of Figure 2. 
More preferably , the peptide ;can tains about 1CT to 
about 20 amino acid residues.: ^ . ; ; 

. Preferred peptides include those having a 
sequencer written from leftvta right -in the direction 

15 _from amino-terminus to carboxy-tenBimiff . using single 
letter symbols , that corresponds to a formula 
selected from the group consisting of 

AVLBDPTILLVSSRV (22; 211-225) ; 
20 L L V S S K VST VcK DLL P ' - {2Jt 219-233) ; 

L L P; I» It E K V I G A G R P L - : (24; 231-245) t " 

A I L T G G Q V I ft B 5 : .V G If - r(3Dr -291^305) ; 

I A F N S G L E P G.V-V A E K (46; 451-465); 

ARRGLERGLNA &.-* DA V:* V (58; 11-28) ; 
25 E R I G A E L: V R-E V A K K- - > (59; 67-78) ; 

G L R R G I BRAVE R V T B T-L* (60; 114-130); and 

IEDAVRtfAR-AAV EE G . " '. "(6-8? 394-408)? 

' ..-s wherein each : first parenthesized number 

30 refers -to the: Peptide iiumber of Tables 2 and 4, 
■ 

hereinafter , and the second hyphenated numbers refer 
to the position in the .sequence of the 540 amino acid 
residue-cpntaininq protein whose complete amino acid 
residue sequence and genomic -sequence are illustrated 
35 in Figures 2A and 2B. 
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Further contemplated is a method for 
ascertaining the presence of mycobacter ially-exposed 
or mycobacter tally- immune, i.e., previously 
immunologically exposed, mononuclear cells such as T 

5 cells in a body sample. , Here,, mononuclear cells from 
a mammalian . host to be assayed are admixed and 
contacted ^in an aque_pus cell culture medium with a 
stimulating amount, of both antigen presenting cells 
and a. pref.e.c.red. peptide antigen to. form a stimulatory 

10 cell culture. ( . t .That _stimula^orx cell culture is 

maintained for a time period sufficient for immune _ 
mononuclear^. cells present to be .stimulated and. to 
evidence .their stimulation^ The presence of 
mononuclear cell stimulation is ^thereafter 

15 determined.. This i ..assay, can be carried, out in vivo as 
a DCH assay where the antigen presenting cells are 
endogenous cells^ such as. macrophages and the aqueous 
medium, is, supplied by the blood and lymph. The assay 
can alsp_.be carried out in vitro . A polymer .having 

20 an. above peptide as. repeating units,, can also be used 
as the antigen. 

- An. assay kit containing a preferred peptide 
in a container in-, an, amount sufficient to carry out 
at least, one. assay as.. .^escribed, immediately above is 

25 also contemplated. . „. 

The invention still further contemplates a 
vaccine against mycobacteria such as. 4, 
tuberculosis ^ The. vaccine comprises a 
. physiologically tolerable diluent containing as 

30 immunogen-. an immunizing effective amount of (i) a 
peptide antigen containing 5 to about 40 residues, 
and- more preferably about 10 to_ about 20, residues,, 
whose amino acid residue . sequence corresponds 
substantially to a sequence of a mycobacterial 65KD 

35 protein and that is capable of stimulating 
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mycobacteri ally- immune T cells having a phenotype 
selected from the group consisting of T4 + and T8 + 
or (ii) a polymer having said peptide antigen as 
repeating units,. Preferably, the mycobacteria is_ M. 

5 tuberculosis . The mycobacteria to which the T cells 
are immune is the sake mycobacterial species to which 
the vaccine is directed. 

Yet another" aspect of the present invention 
is a polymer that cbfc|xises ^ /""*" ;™" 

13 pen tapeptide- repeating units/ " Each" of those 

pen tapeptide repeating ixhitk cdhsists essentially of 
a sequence/ written frbm i^ft to right "in the 
direction? off' aminb-tfcrilftW to ' carbbxy-terminus , [ 
represented by-' a- formula" """ 



15 



*T ft-N-I- Gr~or 



- " : " *- wherein X~ is "an : amino acid" residue -selected 

20 from the -group" consisting ; of S;;T r "t f "p' r .and. I? 
and 12 isjan amino acid, residue selected. fronts the 
group consisting of T, 1, 3*, S; and-V*: In a further 
aspect of -this invention, the pentape^tide repeating : 
units are bonded, together by .peptide "bonds, whereas 

25 in yet , anpther aspect,, the, pentapeptide repeating 
units are bonded together by oxidized cysteine 
residues at the terminii- of those repeating units. 
Brief Description of the Drawings : 

.In the drawings forming a portion of this 

30 disclosure: - 

Pigure 1 is -a schematic-restriction map of 
recombinants-expressing the M. tuberculosis 65KD 
antigen., > The portion of the genome .containing the 
65KD protein is shown as the heavy line at the top of 

35 the Figure along with the relative positions (short 
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perpendicular lines abutting the heavy line) of 
restriction endonuclease cleavage sites. The single 
letters adjacent those short lines are indicia of the 
endonclease that cleaves the genome at the indicated 
5 sites-, and are: A - Sad, 3 = Bgl II , K » Kpnl, M = 
BamHI, P « PstI, R * EcoRI , S = Sal I, V * PvuII , and 
X = Xhol. 

Twenty of the recombinants. discussed herein 
are enumerated: .albn^ the 

10 Figure opposite the schematic line representations of 
the respective genomic ^v^6vi^&^^^%^^^_:wcYit-i 
recombijiantv- :The length^aad positions, of those_ 
genomic' portions relative to the genome of the 55XD 
protein are shown by the relative lengths and 
-1*5 positions of the lines. Dashes at the termini of the 
first six shorter lines indicate that" those 
recombinants contained additional base pairs, but the 
^source, and ..-sequences. .Qf those additional base pairs 
is presenVly ; 'uhcertain-, ; ^" ! ■■ ,:r ""' i; ' ~ \ ^ 

20 : DNA was "Isolated- from- phage stocks of the 

recombinants expressing the 65KD antigen as described 
by : Helms et al. (1985) DNA "4:39-4^, and a restriction 
enzyme cleavage site map was' constructed. 

I ■- - Figure 2 shows-" the nucleoside sequence of. 

25 the- region* containing the M tuberculosa s 65KD 

antigen^anit 517 protein genes, and is provided as 
four sheets labeled 2A, 2B ,- 2C and 2D. The deduced 

n 

amino"' acid : residue seqehces of : the two long open 
reading frames (ORFs) capable of coding for proteins 

30 containing 540 and 517 amino acid^ residues , 

respectively/ are shown using the one letter code 
over (540) or under (517) the appropriate triplets. 
Asterisks above or below the respective sequences 
indicate- the' positions- of stop codons (TGA, TAG or 

35 TAA) in the- DBA sequences. Each sequence is shown as 
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beginning with the first methionine (M) residue in 
phase with the ORF and downstream of the nearest 
upstream stop codon. 

Figure.3 is a schematic representation. of 

5 .the open .reading frames found A in the portion of the 
mycobacterial DNA sequence tha^ .codes ..for the 65KD . 
antigen. The. heavy line near the top -of .the Figure 
represents a portion, of .the gen^e that includes the 
540 ,and 517 proteins., ,The . shorter arrow-tipped 

10 lines .beneath . the_heavy^ line : i^ sequences 
that exceed 120 r amino, acid resides in length. 
Putative-. initiation triplet^ 3 are ? .iden^if ied on the 
shorter lines by : the, ^ letter n M ff (AUG) or the letter 
"V" (GUG>, at , tbe „ reading frame in 

15 - the . relatively-, shorter sequences, illustrated 5 beneath 
theheayy- line.,^ iLxxmrm* indicate- tlie.. coding,. 

direction. -•' " ■ ■ :.~ ::z'-r: \ ~ . 

- - Figure, 4 : is; a* photograph, . of- a- Western- blot 

analysis of products of the, 54p s amina acid r es idue 
20 open. . reading f rame , and- contains; two- panels, A and 

B. Cells were grown and induced, (except, for lane 2, 
. Panel- A) and crude- extracts were prepared as . 

described in : the- Materials .and Methods section,,. 

hereinafter.. For each. lane, except, lane 5^.200 
25 micrograms.- (ug) : of protein^ wete electrophoreses on. a 

10% LaemmlL gel,- and transferred to. nitrocellulose. 

For lane 5^ 500 ug of protein were- loaded. The - 

immobilized proteins, were reacted with the IT-13 

antibodies and visualized, as, discussed hereinafter. 
30 - For Panel A,, the proteins in the lanes 

were: lane 1,- JM83? lane 2, JM81 (pTB22) iininduced; 

and lane 3, JM83 (pTB22) induced with IPTG : . For 

Panel B, the proteins in the lanes were:.: lane 1, 

JM83 (pTBl2) ; lane .2, Y1Q89, ( J\SX11«l>. lane 3, Y1089 



35 
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(ARY3146); lane 4, BNN97 [E . coli C600 containing 
^gtlll; and lane 5, JM83 (pTB12). 

DEFINITIONS 

• The. following abbreviations and symbols are 
used herein,- 



bp- .:. : ■ . ; v z v = - base, pair (s). . . . y \ - " : 

.iCbpr^ r-r c f !;. a 1 000; bp - ; 2? : * - " " . 

10 KD ■ : .r: Kilpdal : tpa(9:)ic a :::: 

M- r , - - ^ -i rjcc ^apB«W»jife; : r eiaJti ve: n^lejcuhlar. mass 
MAi - - ! - -.1 r.-v.- depxyr ibonu^eift^cid, :; 
-Teplijspn^ - - - - T'Zl" the- vim its -tte>, .co^trois v= 
- ^ ^ .. . : , s ^ -individual; ;.aotsu of ^replication* 
15 -i.^ ;. M^as * n origin at^^jLch ... 7 

, replication. Is -initiatafL.-and it 

J-,;: - snr. - .^'f <_ • can"*ave : a. tetiDinus 3o a^ whJLcb ,.: 

replication, .stops... "... s 

20 , .-3 1 ■ When, used in- a, context .^escr ibing: .or; 
depicting nucleotide sequences,-, the- pur ine- otr 
pyrimidine-: bases, forming the nucleotide sequence, are 

dep ie ted : as f ollows ^ : r -. ; - ■ ... : . . 

^ : r. ... deoxyadenyL . r: 
2$ -.aj:s deoxyguanyi 

r-..^ ? -i::i«r :.Sr. • - deoxycy tosy 1 r , ■> - 

r; T - deoxythymidyl : ■ . 

In describing a. nucleotide sequence each three-letter 
30 triplets constituted by the., basest identified,, above 

represents a trinucleotide of DNA . (a codon) having a 
5 ! -end on the left, and a 3 f -end : on,_ the right of the- 
upper : sequence of. Figure 2 r ,and. a 5 f -end on the right 
and a_ 3' -end on the : left of : the- lower , complementary 
35 sequence. . 
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The word "antigen" is often used in the art 
for an entity that is bound by an antibody. The word 
" inununogen" is often used in the same context for the 
entity that induces the production of antibodies. 

5. Where, the antigen and iramunogen~7are the same entity, 
both are j>£ten referred to an antigen. 

The present invention deals with antigens 
and immunogens ^in the above context,, which context 
typically relates. to .B .cells and .antibodies, 

10 Notwithstanding the B cell/ant ibod_y context, the 

present invention also contemplates T cells. 

A more general def inition of immunogen and 
antigen apply in . the context .of .T cells and „T cell 
stimulation. . In . that ^ore general definition, , an 

15. w antigen" ^ is an^entity .acted jxppn^by a ^component of 
the " immune system,, andean "iiraninogen" r l.st ..an .entity . . 
that initiates^an immune ^system Response. Where, 
antigen and _ immunogen ar^ the, sauae, both are .referred 
to as an "antigen.^ An "immunologically active" entity 

2Q interacts with antibodies 9? T. cells, or can. initiate 
a cellular or humoral , immune response. 
Detailed description of the Invention ....... 

I. OVERVIEW 

In studies discussed. hereinaf ter * the 

25 isolation of the gene encoding the M. tuberculosis _ 
55KD antigen and the determination _ of -its nucleotide 
sequence are reported. The sequence contains an open 
reading frame encoding 540 amino acid residues or 
about 60,000 daltons r which corresponds to the 65KD 

3Q antigen. A second long open reading frame capable of 
encoding a protein of 517 amino acids was also found 
dn the mycobacterial DNA fragment, containing the 6.5KD 
antigen gene, adjacent to that, gene. Interestingly, 
the central region of the deduced amino acid residue 
35 sequence of the 517 amino acid protein contains 
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several tandemly arranged, perfect and imperfect 
repeats of a five amino acid residue sequence. This 
feature is reminiscient of the features of the 
sequence of the major T-cell antigen of. the 
5 sporozoite stage of. the human malar ial ^ar as ite 
[Nussenzweig? et al.% (1985) , Cell> 42: 401-4031^ 
TT . RSSPLTS - ■ 

A . _. jsoia'tl'on" and Analysis of :Recombinants 
• ' " 7 ' ■ "g<Tjres¥iritf "tK"e?-65RP &fffei:crert^--i • — 

16 ' To* "isolate th"e gerie-that encodes- = the "6 3RD- - 

an'ligWtff nidrtocionai' ? 'nVbf*tiicte# 'atMffbodle* -*irae*id^ : 
against' 'thls^antfg^n wef e'used td-»dr6eri "a protein 
lxp ; ressfori ^ Tlbra'rV Constructed With mycobacterial . 
bN A . : Ah expretobn^iibrar^^ 

ii not^noWS^'piiori^f ^he ^tuberculosis -genea^ouid 
be expres^ in H cofi^^^i^gcombftiahfe DNA 
library :: fias S been cdns£*ucted - br Ye>un$ n e €" al . , (1985) , 
Proc^^ati^ Acad; Sciy trsA V ' sjt 2S(i3^2387V and •' i ' 
cdntains genomic 1 OSA' ft agments ' of -Mj r tuberculosis 

20 Inserted" into the^ expression^' site of -th8 s lambda*gtll 

20 ( A gtlly-iector. In-this systems the inserted coding 
sequences can be ^xpressed.as.a^usio^^rotein^ith ^ 

beta-galactpsidase. The 65KD antigen-specific 
monoclonal^hybridoma.antibodies .usfd.in^thes^ studies 

25 wera^generated^in 'the laboratp^ie T. M - 

Buchanon, (Pacif icrMedica^Cent^f i W™??^*, f| s . : „ 
Washinton-,- Seattle . WAT an* Dr . ; J. , ivanyi JMRC 
Tuberculosis., Unit,. Hammersmith. Hospital,. London) and 
were-obtained from the Stafflng^CotmittaVon the 

30 immunology of Tuberculosis . of .the World Health ^ 

Organization. . . .. . , . . _ . . . . 

,, _r As the initial antibody probe, a pool 
containing. three monoclonal antibodies directed 
against the 6 5KD antigen was used (IT-13., IT-31, and 
35 IT-m, Thirty-eight positive signals were, detected 
in a screen of about 8x105 recombinant phage. 
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The phage corresponding to the positive 
signals were twice plaque purified and then assayed 
for reactivity with the individual antibodies. The 
results of that purification and assay are shown in 

9 

5 Table 1, below. - ----- ; ■. 

■-. ^ : • -table l 

Patterns -of Antibody: Reactivities ^ 

.10 ■■■j'Ucion. ,^r-.:",v,l ■ n*r. : 

ssci ;~ i - ? ; ResSctf vi ty With Arit iSodi'es- 
Number; of CI6nag^ ^ ^ - IT- 13 - ' -IT^31 — . IT-33 

-i-,--s.:3?-iitirsiic5 ■■-up 1 ':::^";j:s-i 
.15 ro:^r ■' ::-r:3 ^r:c ir. . - + + 



:: ^Recombinant clones "expressing antigens 
20 reactive with the 65KD antigen specif ic monoclonal 
.antibodies TT-33 1 were " isolated as 

.described in : the • text. For the- initial screen^'a 
pool of -the: three^ antibodies that contained a 1:1000 
dilution 1 of -each- antibody was~used^to screen a total 
.25 of about -3x10^ recombinant phag4 from the lambda^ 
gtll- H,: tuberculosis library > : TO determine- which 
monoclonal: antibody reacted with which of the 38 
plaque-purified recombinants about 100 
plaque-forming: units (pfu) of -each recombinant phage 
30 were- inoculated in small spots on a lawn of e; coli 

Y1090". The phage were allowed to~grow, and were t 
induced to synthesize- the- foreign proteins as 
described herein. The filters were then reacted with 
a 1:1000 dilution of one of the monoclonal. hybridoma 
3S antibodies" as- described^ in Materials and Methods. 
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Twenty-eight of the recombinants produced 
antigens that reacted with all three antibodies, 
whereas ten recombinants produced antigens that 
reacted with one or two of the antibodies. Overall, 

5. the patterns of reactivity indicate that although the 
three antibodies react with the same mycobacterial 
antigen, each recognizes a different epitope on that 
antigen. " Richard A. Young (Whitehead" Institute," 
M.I.T.) has also screened this /Vgtll- M . tuberculos i s _ 

lp. library with one ojTth«se : /antibofies (IT^13)^and 
detected 10 additional recombinants [Youngetai. , 
(1985) , Proc . Natl . Acad . 5c i . tig A , 82 ; 2583-2581 . ' [ 
These, re^ foj: reactivity \ 

with the other antibodies. , . 

IS DNA was .isolated froin twenty of the 

recombinants expressing the 55KD ^ntigen and a 
restriction enzyme cleavage site map was deduced for 
this .region of the mycoibacteriai "genome ~ (Figure 1) «' 
In most of the recombinants , the ^ tnycobacterial DNA 

20. insert was flanked I by EcoRI m 

the way In which the library was constructed. 

However, in 6 of the 20 recombinants _ . 
stud ieV^ only one of the expected I EcqRI sites was 
present.. This; observation raises the possibility 

25. .. that .a signif leant i miction of the r eppmbina^t phage 
in this^ library might have arisen from the insertion 
of a fragment containing^ 

site J._nto .the ''^i^X^^PJ^y^^ or ***** some i c ^ ones 
might have undergone some sort of recombination, 
30... rearrangement or deletion event during propagation 
that removed one of the EcoRI sites. . 

The deduced restriction map .is in good 
agreement with the published map of the gene. for the 
bovis 65KD antigen [Thole et al., (.1985)., Infect. 
35 . Immun. , 50.: 800-806] except for the presence of two 
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additional Smal sites in the M. tuberculosis gene. 
The map does not match well with that of the M. 
leprae 65KD antigen gene [Young et al., (1985) , 
Nature , 316 : 45Q-45.2].. This is not unexpected given 

.5 that based on DtfA homology studies, M. tuberculosis * 
is at leas.t ,90% homologous with bovis and only 
about 30% homologous with leprae , Athway et al. , > 
(198.4) , Int. J*. Svst. Bacter iol.. ,, 34s.X71r3.75; Imaeda, 
(1985).. lilt, J . .S.vst. B.acteriol ,,, .'l£»l4T-150 ; . 

10 To .determent; the ,ni*cleo tide sequence r of -this 

region of the ^ ^mypoba^ct«i^l,. genome 

it torn the _ Agt 11 r r ecombinacits7were . subcloned. .into .the, 
.plasmld ,veq^oc.plIC19.., 1 ..The majority .of the. sequence 
of _this region ^was r 4tt*r*iM4 .f to* a . subclone (pTB7) 
15 . o£~the.l.4 k |lcfcasft l&.i (kbpl .^co*? ~f fagptat ,of - 
XsK7 and a subclone C9TB9X;.. of the kbp EcoRI 
fragment of, ^RX3143 . The sequence .across ./the .EcoRI 
site at ,the junction . of t>ese two - fragmerits was ;; 
determined : from. a fragment., i^so^ated. from a subclone 
20 (pTBll) Of the^2.S, kbp ?pnl.,f ragment^of A 3K119. The 
sequence of the region 5/ tp : Uxe^.f kbp ScoRI 
fragment was determined ..from a ^subclone (pT312) of 
the -2,4 kbp KpnO raginent ofT <\ ? Kll 9. : > ; . . „ - - 
. . _ _In all f the nucleotide s?qt?ence of 4380 base 
,25 pairs pf th,e mycobacterial DNA . yas. determined ,by : a v , 
combination of , the JSanger .dideoxy . chain termination 
[Sanger et al. : C1980) #. J. Mol, 3iol» , 143:161-1781 
a^dTi^xaTn-Gilbert chemical degradation [Maxam et al., 
- (19761 / ProcT .13a tl. Acad. Sci» USA ,, 74:560^564] 
30, sequencing techniques. The sequence is.-shown in 

Pigure72. -, t 

As expected for ..M^ tuberculosis genomic Dtf A 
[Wayne et al. ,, (1968) , J. Bacter iol. , 96:1916-19191 , 
the. base composition of this fragment was about 66% 
.35 G+C. .The high. , G+C. con tent increased the chances of 
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sequenciag artifacts due to compressions., and made it 
imperative that the sequences were determined for 
both strands in all regions. 

E. Open Reading Frames _ 
" 5 * The -sequence contains five open reading 

frames (ORPs>: that beg in -with van . ATG : triplet; and 1 
"contain greater than 120 amino acids. - Two of. these 
exceed 200 -amino^acids -in length. One can encode 517 
am i no -~ ac id s and s the - o t he r : 54 0 r amino ae id s . ; ; . : 
; ;i0 ^r: There are an additional three open-reading 

frames -of 140^1 W -amino^ acidi residues r in length- that 
do not contain ara , iijitiattonTATG ..triplet ..but do 
contain ».'OT*se**pl»tt It is inefecknow©: if :a-;GTSc^ 
'triplet can -function as :a . tra nslat ion .initiation 
-15 J triplet trt' mycobacteria;: y oTfte locations of-these;. -± 
eigftt dpett reading- frames -are ;showa schematically in 
?i^ur^-3.— fld -portions cof -the -deduced :amino _acidc 
sequences "ofc-any "of these open -reading, frames 
displayed any ^igrri^icrant-hamoiagies - with sequences 
" ?0 in the Protein- Sequence Database ;o£"the Protein 
■- : rdtitfC if ica t ionr Resource.- - ■; * * c • - 
v - o-ic zz r it, should 1 be noted that although an open 
3 readtn9 frame exceeding 100 amino acids would be 
considered* to haw a . high probability ~of -being - . 
25 expressed' into protein in most bacteria,, this -may not 
be true fdr theh mycobacterias That is, given that 
the G*G> content of the insert ais- about 66%r a 
translation "termination triplet (TAA, TAG or TQA) 
- would' bier expected to occur -ort -average about once - 
—30 "every "41" amino acids as compared to about once every 
~2I- amino acids- in a genome with a G+C content of 
50*7 : Perhaps- then/- an open reading frame o£ as many 
as 150-200- amino acids might be- due to the random 
distribution of termination: triplets rather. -than 
35 signifying- possible biologic importance. As such, 
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only the two very long open reading frames that could 
encode proteins of 517 and 540 amino acid residues, 
respectively, are described herein, 

C. The 540 Amino Acid Residue ORP 

5 Corresponds to the 65KD Antigen " * 

One- of the long' op^n reading* frames begins 
with- ah ATG : triplW¥\t' poslti'ons 252-254 of the DNA * 
sequence and extends ~tfbf a* TGA triplet* at positions 
187^18^/ ThiV b^ ^encc^^ To 

10 determine ' H this opeh : rea*i^g ; frame" cor ire sponde<3 tb~ 
the geruf "for Wer^SSKD* kntiyenV Ishtf TJSEf hp fcaSnSI-Kpnl 
f ratgmeht- frbtif pTSl£ ^(VesidTue^ 438-1T48T VSf the 
sequencer iceplcesented tif FTgute 2Yy a wVi x clf contains the 
majfsrfty : &€ tifis' opeii^reaSin^^ame, was ihserVed 

15 into BamKH^nr-ea^^ pOCTISV" In \hi^ : "construct/ ^ 
*. aenomfhattd^^pTB^;" t&e r ~opfe1f r^^iifg r TErYme is* 
expr e^ssed using 1 r thW lacg f tr afnsbr iptiotf arid* * 
translation ^ Tnrtiatibn ^sign'al^'jpreirerit in the pUC19* 
vector/ kxid 1 reSult^^ 

20 pro tein-* containing 1 r i5 :: &tft& 7 £<zi : d tesiduei^ r at thV ' 
* amino^tenainusr ehcodfe<f %y ! the^'laci geife bf p1Jdl9 

followed by 478 amino abid* hi the 1 mycobacterial' open 
reading frame • 

Crude 7 r e^raets v W from cells 

25 containing this" plastoid/ iiid were tested for" 

reactivity with 650 Mti'geii-s^ in 
Western blbt analyses, 'The reactivity with 
monoclonal antibody 1T-1 3 is ~showtf in panel A of * 
Pfgure >V In all /five different monoclbtial 

30 antibodies specific for the S5KD antigen reacted with 
a species in :r the crude' extract that migrated with an 
apparent relative molecular mass (M r ) of about 
55,000 daitons (lane 3). ^ 1 

"No reactivity was seen "in extracts of 

35 coll lacking the plasmid '( lane 1) • Furthermore, 
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the expression of this fusion protein is inducible 
with isopropyl-beta-D-thiogalactopyranoside (IPTG) 
(compare lanes 2 and 3), Therefore, it is concluded 
that this long "open reading, frame tfftcompassing 

5 residues ^2-1571 encodes the ML tuberculosis 65KD 
antigen • The phrases ~*54tf -amino ~aeid residue - - - - 
protein", "540 protein" ; ^S5KO protein" and "65KD 
proteitf antigen* are use* -interchangeably herein for 
the protair^^Tf-^, tuberculosis^ --i z'-±~z- 

1$ . a 2 :.*r:fj^^^ 65KD 
proteitf wa^iisecMkn si4&tetr$*bXG* -analyses using serum 
f com* biintaor ^pA±«ii«»%ifO«BV3t»:4M inf ^e^itfe ; 
MFP ;tubWo^I^s^^ ^ ~ rrn pxcltotrBSVp studies, antisera 
from those p&£Ler&& lin^dma'&«i<f wittv-ttre purified 

I? refebmb&a^^ro^af^ 3 ^dir.g ^q^u-^ --^ 
- Those %tutfiea^Ilaf*^^ 

natur al- or- Tnscofflhiiffl3Sat ^ofefj* as- %h atfti^eni irr a 
diagnostr<r assay ■*Wthc^^iP*«h«i.l^rt i eh<» of naturally 
occurr ing^ antibodies to the -65RI^ protelnf> in the 

20 infected E^ti^tsy-aiKriaiu^ fanfare detection o£ 
Mycobaeter iuJK tuber caloai y in f e et ioft- -ill those ? 
patients "^Imllar^- -result^ aife .^taihed^ inf a more ^ 
usual sdlid^phis^^ss^slfcilip^^re carried -out in a 
microti tWr ^ plate n Where "the? r e^'ombihant? 6SKm trrotei n " 

2 5F i 9 affl*W to 1 aP sol ia^has^ tratri x: to* Wrm a sol i d 
phas^ ^uptrart 1 an^ patient sfcrua^ is~ -'*he source of 
antibodies t<^ be c assayW.*" J "- -ri. 

; ^ Solid phaiSe^ assays M«*hte=*a*ri«a~'-oiitr in a 
mleVbtl^sr 1 - plated 5 a dipstick or as a Western blot all 

30° require the- similar step's" and cofiftittiW variants of 
each 1 other; " Each- Vkh a sblid= phase- matrix (mirotiter 
plate- well , sticit surf afie^ of fit trocellulose) to which 
the purified natural or- a recombinant 540 amino acid 
protein coded^ for by- the- genome- of. M. tuberculosis as 

35 : antigen is affixed , - usually b? ; adsorption,- to^ form 
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the solid phase support* The assayed sample such as 
patient serum or cerebrospinal fluid (where evidence 
of tubucular meningitis is sought to be assayed) in 
liquid form is admixed with the solid phase support^ 

5 to form a" solid-liquid phase admixture^ . That ^ ^ 

admixture is maintained under usual, biqlogipa.1. assay., 
conditions (e.g. zero degrees C -to about .40. degrees 
C) for a time period sufficient for. any antibodies 
present Tn the i assayed sample tp^ iinmunpreact >: witj^and 

10 bind to the "antigen of the^ solid .phase, support...,,: 

solid and ; liquid phases ar,e_sep^ar p ated. a^-by rinsing- 
The presence of* antibodies bound; tp^th^ ^pl id support 
is thereafter, ^determined as .vitk a ^ lab^ljeJl^ i fLgent ins3 
that' reacts with the^ bouni bvn^j^1:^I)jS^|i|U ^- ot:r 

15 . ~A labeled reagent -that feapt^with bound? 

human antibodies present is admixed^ with the,.sa"Ud^ 
phase "to form a second^ sp;iX^^ 

That seicond solid- liquid, phase ^ admixture^ is^ : _-> 
maintained for a time period suf f iciejit^ r fpr the 

20 labeled reagent to react with the bound human 

antibodies. The second solid-liquid phase, admixture . 
is separated as~ by fcfiising , and the amount of label 
present is detelfMined .~r7An a&P!? ;j^ r 9?C *4bal- PJ es ^?t 
above a background, control value indicates the 

25 presence of 7 anti-65KD protein^ antibodies aaft; thus- to 
infection by M. tuberculosis. , _ t _ r \ „ ., 

The labeled reagent that reacts, yith the. 
bound human antibodies is preferably a^ labeled 
preparation of xenogeneic anti-human antibodies such.. 

30 . as~ alkaline phosphatase-conjugated goat, anti-human Ig 
antibodies that are available from T : ^go,. Bur ling ame # 
CA„ The presence of the bound alkaline phosphatase 
is typically determined spectrophotometrically by 
measurement of the enzymatic hydrolysis of a 

35 substrate molecule such as £-nitrophenyl phosphate to 
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£-nitrophenol. Other enzymes such as horseradish 
peroxidase and other label types such as radioactive 
elements like iodine 125 are also useful. S. aureus 
protein A linked to a label such as can also 

5 react with the- bound humarr antibodies ■ of the 

separated solid' phases- to detect their" presence.". 

The- above diagnostic aSsay method is - 
typibally carried out 1 in a r clinical setting- using a 
kit. - the kit- comprises- atifcast" 6ne package that 
iO contains a 7 solid i^nV-Vf^bx^iO^ltf^'k purif ied 540 
: protein encoded 77 by the- Wi * tuberculosis genome- *hat is 
from' the ? mycafaicterium'dr tt- a* recombinant protein as 
discussed- hdreltf afti**** asPUF^htl^n= solid* 
'hattl^r siich a s plastic mii^ti termite or 
1 1 5 : d i is tit*-. L : ~ Qfne^ bt 1 mor e add i ti ohai n *e ageiitrs^ suehc as^ 
tlte labfeied reagint that Ireacts wifch^ solid 
^hase^botanil" humart : Antibodies 1 a : substtate^<>rkJthe 
-4^feeled^rea^nt^"(wh*te" he*ded : for the^lafbel^ ,-• buffer 
silts- iS"'sbltitloh^ or" dry f brmy- and- the- like carv also 
20 be present in separate- packages ih~th% kit. • 

" : ' &i : - The Antigen- Gene * i§v - - 

^ Expressed" ln> : gk coll 7 vr 
" ~ 1 1 ' * - Because^ previous- stud i es • heSF shown- th atr most 
mycobacterial' ^enesP were- not expressed in E. coli 
\s using th**"n^te66actiri*l*ttanseHptlM and : translation 
si^hai sequences- [Clark-Surti^ W ai; , (1985) : J\ 
Bacterid^ , 16111093-11027 ahd T Thole' 'et^ ai. /- (1985) , 
Infect; 'Iimminv r 50": 80ft-806) : a- protein expression 
library was used 1 in the 1 cloning- studies . - In the 
30 ~/V gtll%; tuberculosis library f : the inserted 

mycobacterial coding^seqtience:s : should be expressed as 
fusion proteins with beta-galact6sidase : [Young et 
al " . f 19831 Proc-. Natl.' Acad," Sci: 0S& , 
82:2583-25871. It was somewhat surprising to find 
35 that" the open- reading- f raine : encoding the 65KD antigen 
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did not extend to the 5' -end of the mycobacterial DNA 
insert in ASK119. This suggested that the 65KD 
antigen was being expressed using the mycobacterial 
transcription and translation signal sequences. 

5 With respect to the previously described 

E. coli consensus signal sequences, :the mycobacterial 
sequences 180-230 base pairs upstream of the presumed 
initiator ATG codon do display reasonable matches 
with the consensus sequences for the -35 (3/3 match 

10.., with :the highly conserved TTGj: and -<10 f4/S-.match - 
with TATAAT) regions of B. coli promoters [Rosenberg 
et.:al< * ~ (1979) , Ann . Rev. :Gen6t 1 , 13 r 319- 3 53 1 'I There - 
is also a 5/5 match with the Shine-Dalgarno sequence 
[Shine ;;et al;, (1974); Brae; Natl; AcadV Sci. USA ? 

15 \ : 2l :1 342-13461 for a prokaryotic ribosome binding site 
(GGAGG> 13 base pairs :upstreaffl dfrthe -presumed ~ .:■ 
initiator triplet for the 65KD antigen open reading 
frame,- j Although the precise locations of the : 
mycobacte^aJ^eg^latpry _ sequences have not been 

20": determined experimentally; the results of the two 
studies* described- below- suggest that' the " 
mycobacterial sequences are indeed functional in 

x This: slre^of^the anti-S5KD * reactive material 
25. v* producedrby tkee recombinanta was determined- in a ^ 
Westerarblat^ assay ;n To do this- f cruder lysates of ~ 
cells*! expressing recombinant plasmids or phage that 
had been shown^t© contain the entire- 65KI* antigen- 
geft*e (*SKllff> pTB12) as well as^thos* that had been * 
30^ shownr tor contain a- large portion ofr- the 65KD antigen/ 

open reading, frame fused to B-galactosidase * 
C?kRY3146; pTB22 that contains the 540 protein DNA 
from position 438 through - position- 1948 of Figure 2) 
were prepared as- described in the Materials and 
35 Methods section* 
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The lysates were electrophoresed on 10% 
Laemmli SDS-polyacrylamide gels r and the separated 
proteins were electrophoretically transferred to 
nitrocellulose^ The SDS-denatured t immobilized.. 
5 proteins;were:then, reacted with monoclonal antibodies 
specific- for the 65KD antigen* 

The results using antibo dy -IT- 13 -are shown 
in Figure: 4; ; :;to-ceils, .expresaingireep^binantar 
carrying the: fused op.^ri -.reading. came , - the ^monoclonal 
: 10 anttbCKites rdete^teAz* -tingle -stro.nglyr^eactive 

spectea^migrafein*. with -an ^ QfcrrAbauftr.lSQrQOQ ^ ? 
daltptia^s well occa^i^nall^ smaller 
..specieft- tF^giiMrAtiP^Va^ ;l«B*?3}>t*i&) another 
fused op%» Mfftiisa-s^JESPft r :^9P^fe**R%inlA% mpnqclonal 

mig r afei ng. 0 wi,th- ?api J* r Plfe pabwrti. 55 , 00 fthdfeXfeQA* ; ca _ , 
(figure -,4*: ;P_ane>. A rrlMferdfe* -o*ftrttM extracts jDf the 
ce:lls= r «xptMM tflft : rjsqpmj>i nan tsh^thftt c.owfc abined the 
entire -6SKP; gen* r jbh^ jnpi^lonai: »»feibpdtea undetected 

20 a. si ngis: : s.ttongly reacted -Ap&ci*S; ith a t-jfciar at ed v w ith 
an W^;rQfc;:abQate S:4>00.0 daitans (Figure 4, Panel B r 
lanes 1 and, 2 V>e ; • :v- -ris :::;;dv sricvr. 

SmaAl.er reacting species (about 
40,000-55,000 daltons) were observed when large ' 

2.5 amounts of the extracts were loaded ; (lane 5) or when 
the protease inftibj^ 

buffer. Occasionally, a minor reacting species was 
also observed migrating- wltfr; em M^. af ; about 67 , 000 

daltons . : - l^y^--~^-^.s ' : :iiv -— — :— i ' 

30 Given the sizes of the anti-65KD-reactive 

materials, these data indicate that the \65KD antigen 
can, be expressed usingk the. mycobacteria 
initiation signals present in the 65KD gene. Also, 
since- the vector contribution to the recombinant 
35 plasm ids. does not contain any known sequences that 
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are properly -located and oriented to promote the 
transcription of the inserted DNA, these data suggest 
that the mycobacterial transcription initiation 
signals function in E^ coli to allow the expression 
5 of the 65KD antigen. 

In order to obtain an approximate measure of 
the efficiency of utilization of the mycobacterial 
transcription and translation initiation signals in . 
E. coli , two plasmids were constructed that placed 
10 " thW ?&pt*&st5^ _ „ ^ 

beta-galactosidase under the control of either, the 
mycobacterial signal sequences or. the lap gene signal 

sequences present_in L the plasmid pUCl9 r 

? i r st , the 3000 bp BamHI f r agment from 
15 ~^ pMCi*71 that sequences for amino 

acid reVidues 8-1021 of beta-galactosidase [Shapira 
et al. r (1983) f Gene / 25:71-821 was inserted into the 
BamHI site of : pTBl2 ! (residues 437-442 of the sequence 
presented in^i^e 2) The resi^tixvgL kbp _ ; 
20 plasmid (pTB27J contains an open reading frame that 
mn^€L^^'txLnio^^io%^^ with 63 amino acid residues^ 
derived iz^[^%'6iisO m j^^9W gene followed by 1014 
amino acids of beta-galactosidase, and whose 
expression Is , under the control of the transcr iption 
25 and translation signal sequences present in the 
mycobacterial^ DflA/ . As expected I, this construct 
expresses a protein of about 120,000 daltons that 
reacted with anti-beta-galactosidase antibodies in a 
Western blot assay* 
30 ..... Second, the 3000 bp BamHI fragment from. 

pMC1871 was inserted intb the BamHI site in the 
polylinker of pTB9 that contains a 2,4 kbp fragment 
of the 65KD antigen gene inserted in the EcoRI site 
of pUC19. The resulting 8.1 kbp plasmid (pTB28) 
35 contains an open reading frame that encodes a fusion 
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ptotein with 15 amino acid residues derived from, the 
ptJC19 lacZ gene and polylinker sequences followed by 
the 1014 amino acid residues of beta-galactosidase 
and whose expression is under the control of the lac 

5 gene signal sequences present in. pUC19. 

Crude extracts of cells containing these 
plasmids were assayed for. beta-galactosidase activity 
as previously described". In cells containing pTB27, 
beta-galactosidase activity [about 2800 

10 units/raictogram (ug) protein) wa^. about one- fourth 
..that (.11,000 units/ug protein) found ih ^^induced 
cells containing pTB28. Given the" unknowns' "inherent 
in this study (e.g., the specific activities and 
relative stabilities of the, two .fusion proteins) , one 

15 cannot, makeL a precise, xjuanj^tativ^'st^ 

the relative strengths" of the" mycobacterial signal 
sequences, and, the coli lac gene signal sequences 
baaed on the relative enzymatic activities" found" in 
the two, cell extracts. However , the datV do indicate 

20 that .these, mycobacterial transcription and 

translation, signal sequences are efficiently 
recognized in E. coli. .. . , 

" S"^*" The 65RD Antigen Sequence 
Several interesting, features pf this long 

2.5 open reading frame have been revealed, by _ 

cam^ex^aiAe^aiiii^if of the sequence. The overall 
base composition of this open reading.^ frame is 65.5% 
G+C. However , the G+C content var ies "considerably 
within the codons such that the G+C content of the 

30 bases occupying, tfie first two residues of the codons 
is 55% while it is 87%.. for the bases found in the 
third position of the codons; thereby producing a 
bias towards using codons that have a G or C in" the 
third position. 
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For example/ 50 of the 51 leucine codons 
(CTX) have a G or C in the third position. 
Interestingly, the essentially random occurence of 
any of the four bases in the first two positions of a 

5 codon plus the preference for G. or C in the third . 
position of _a cpdon is one strategy that allows an 
organism to have...a high G+C content without limiting 
access to the anfirtq acids whose codons. .contain A or T 
residues, in the first two positions. 

10 Although v the deduced amino, acid residue 

sequence of the T65Ka u aFtTgen ia^paucHculariy rich in 
alanine, glycine , leucine, and valine residues^ the 
overall . amino acid residue .composition contains. 52% 
. hydrophobic jm<l .48% hydrophilic residues.. - 

15 Computer-aided analysis o£ Jthe. alpha ^helical content 
Chou et, : al . C1978V, Adv^ Snzym.. ,. .47 : 45-1 4a and , . 
hydrophobic! ty. _ [Hopp et r al * * (1481),,. . Sroc. Natl.. r . 
Acad, set. tISJU 75^3824^38281 of . the. amino acid 
. residue sequence -revealed numerous regions- that could 

20 par ticipate. in alpha helical - Structures and no: 

extended regions of high hydrophobicity \ w These data 
suggest .that the ,65KD. antigen is nat -an integral _ 
membrane protein but rather its sequence resembles 
that of a soluble protein. . 

25 _ As. discussed before.^ the : 6.5KD antigen.: 

appears to be. a major T cell immunogen and antigen in 
man., , It has been suggested that immunodominant T. 
cell epitopes aire short stretches of amino acids that 
can form. amphiphi lie helices where one side of the 

30 helix is hydrophobic and the other, side hydrophilic, 
Berzof sky, (1985), Science r 229:932-940.^ Based on 
computer modeling,. .seven stretches of. amino acids 
within the sequence of the. 65 KD antigen have been 
identified that could form such amphiphilic helices. 

35 A list of those peptides is shown in Table 2, below. 
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TABLE 2 



Residue 

Positions 1 Sequence "- 



11-28 (58) A R R^-G L S R G L N ,A L A D A V K V 

66.-79-. (59)- - E K ;I G A E L V K E V A K K 

,10 114-130 (60)r : z &zh& ;R G -I E K A V E K V T -JBj^ L 

154-172: (51) .v;.,.— S^X G D I> X A B- A, M J) K V G -N, ; S G V 
2l9>2^ (23)r race L L ^i^Hf V R D L L P - 
•3.9 4^4 Oft (:62>.£ • : ; E A V.R R A- K A A. V,, E E G. : - 
494-508v (63) . . V K V T R S A L Q HAAS. I A , 

.20 .^Residue positions :i ar* denominated using , 

the one letter; amino, residue sequence of- the 65KD 
protein -shown in. Figure 2. that depicts -the methionine 
residue; coded for by- the. triplet beginning at base 
pair position 252 as the first residue of, the 

25 protein. Parenthesized, numbers, refer to. peptide. , 
number* that begia with petide number 1: shown in 
Table 4.- . . 

--r ^.ii^r^The^e- amino acid sequences are shown from 
left* to right and. in the direction, from. 
30 amino-terminus to carboxy-terminus, as is customary 
in- the art.: 

F. DCtt Assay With A Recombinant 
65KD Protein 

35 . Exemplary delayed, cutaneous hypersensitivity 

(DCH) assays were carried out using illustrative 
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recombinant proteins described herein as test 
antigens after immunization with M. tuberculosis , M. 
bovis or saline. These assays were carried out 
following the procedure described in Minden et al. 
5 (1986) Infec. Immun . 53: 560-564, 

Briefly, the mannnalian hosts were immunized 
with a sufficient amount of M. tuberculosis or.. 
M. bovis to induce an inmunqlogical response, or with 
a control .( saline). V Af ter maintain animals 
10 for a time period suff icient for t)ie initial , . . . . 
imSun^I^^^^ to subside^, 

the animals were ^chaiAenged b? intradermal injection 
with inocula containing .the S5^KD jpratein , a 7 ^ _ 
. , recombinant f SSKff^^t^IS t or^rec^ ~ 
15 protein that contained ^ttie 6^5^ ^protein as .the test . 
antigen dissolved or dispersed r in a physiaiogically 
tolerable 'diluent, or with a control. _ The test 
antigens were present ir* an amount sufficient to 
induce erythema and induration ,^t tihe.site of 
administration in a mammal previously immunized with 
M. tuberculosis or M. bovis . .... 

The results of. this , study, .are. shoxm in 
Table 3, below. : _\ ..^ 



20 



25 ~- >js _ _ ..Table, 3 _ 

6CH Assays With Recombinant Antigens 

No. positive/No. Assayed 

Of Guinea Pigs Immunized With 2 : 

30 ' i ■ • . 

Challenge _ M- L ^ M « 

Antigen 1 tuberculosis bovis Saline 

Saline CO) 0/5 0/5 0/5 

35 (10) 0/5 0/5 0/5 
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^ 1089 4 (1.0) 5/5 5/5 0/5 

,U039 4 (1) 5/5 5/5 0/5 

pT322 5 (10) 5/5 5/5 0/5 

5 pT322 5 (1) 5/5: .5/5 0/5 

3CG-S ? (1) 5/5: --- 5/5 0/5 

PPd 7 (5-T.U.)< 5/5' 5/5 0/5 

10 : '_ . . — — • ' ■ - ~. 



• --<*r ^challenge: antigens compositions wie re 
injected ihtradermallyi as- discussed! Ins Materials and 
- Method s as ing amount^ of i t or 10q ug/100 ul per 
injection as indicated- by the; parenthesize* numeral 
15 after* each- an tigef*;~ except- for - pur if ied pro te in- : s 
~ derivative (PPd) that was used in an amount of 5 
tuberculin^ units^ (T.UO^- : ? . : • • "-c- ■: -—3 

- 2 The 5 ' number of guinea: pigs exhibiting: 
20 positive DCH^ responses- is- in the numerator , whereas 
the number" of guinea pigs assayed is in the . 
denominator. The immunization- protocol is described 
in Materials and-^ Methods; 

25 - ?BNN97wasa crude lysate prepared from 

: A q til- infected i B ; - co 1 i . The-crude lysate. was 
partially pur i f ied c by- ammonium sulfate- precipitation 
as described:- in the Materials and Methods section, 

30 : 4 />il089 was a crude lysate prepared from 

^SKH9-infected E, coli that expressed the 65KD 
antigen. The crude lysate was partially purified by 
ammonium sulfate precipitation, as- described . in the 
Materials and Methods section. ... 
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3 pTB22 was a crude lysate prepared from 
E . coli containing pT322 that expressed the 65KD 
antigen as a fusion protein that contained a portion 
of the beta-galactosidase molecule and about the 
5 carboxy-terminal 38 percent of the 65KD protein. The 
crude lysate was partially purified by ammonium 
sulfate precipitation as described in the Materials 
and Methods section, 

10 *BCG-S wa5 an extf act ol" M. tuberculosis 

prepared "as described in the Materials and "Methods 
section. ' 

/'ppd was obtained from Ccthhaught 
15 Laboratories; Ltd. , Willowdale, Ontario Canada. 

As can be seen from the above results, the 
65KD protein coded for by the DNA sequence of 
Figure 2 can be utilized in DCH as part of a method 

20 to determine whether a mammaiiah Host such as guinea 
pig had previous immunolgical exposure to 
M. tuberculosis since the T leucocytes of the host 
animals produced erythema and induration at the sites 
of administration in the animals previously immunized 

25 with M. tuberculosis and M. bovis , and produced no 
reactions in the saline- immunized animals. ; Those 
results also show that recombinant 65KD protein 
molecules are- similarly useful.- Recombinant fusion 
proteins' that contain a portion of the 

30 beta-galactosidase molecule peptide-bonded to the 
amino-terminus of the 55KD protein are also useful, 
as are fusion proteins that contain a portion of the 
beta-galactosidase molecule and an immunologically 
active portion, about the carboxy-terminal 85% of the 

35 65KD protein, e.g., the protein expressed by pTB22. 
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Fusion proteins that contain one or more peptide 
sequences as are described in Tables 2 and 4 
hereinafter are also useful. The phrase "previous 
immunological exposure" and its grammatical variants 

5 is used herein to mean that the mammalian host had 

been immunized or infected by one of the mycobacteria 
and the host mammal mounted an immune response 
(primary response) to the immunogens provided by : the 
mycobacteria; and that that immune response had 

10 subsided. 

G; The 517 Amino Acid Protein 
: l. The Open Reading Frame 
A second long open reading -frame begins with 
an ATG codori at positions 3948-3946 of Figure 2 and 

15 ektends to a TAA triplet at positions 2397-2395 on 
th"e"DHA strand complementary to the DNA strand 
encoding the 65KD antigen, thereby 'making those open 
reading frames adjacent in the genome. This open 
reading frame can encode a protein that contains a 

20 sequence of 517 amino acid residues, and that protein 
is referred to herein as the "517 amino acid protein" 
or the "517 protein". The 517 protein coding region 
thus extends from position 3948 through position 2398 
of Figure 2. 

25 Given that the two long open reading frames 

are located adjacent and downstream from each other 
on the complementary strands, one might expect that 
the transcription of one gefle might interfere with 
the transcription of the other unless there were 

30 transcription termination signals within the 

intergenic region. Indeed, there are several short 
sequences (e.g., 2134-2160) within the 520 base pair 
intergenic region that have features reminiscient of 
the transcription termination signals of 

35 gram-negative bacteria [Rosenberg et al., (1979), 



WO 88/06591 



PCT/US88/00598 



Ann. Rev. Genet. , 12:319-353]. That is, regions 
containing short, G+C-rich, inverted repeats capable 
of forming stem and loop structures followed by a 
stretch of three or more. T residues about 20 bases 

5 from the center of dyad symmetry. Perhaps these 
inverted repeats might function as transcription 
termination signals to. allow the independent 
expression of each of these mycobacterial genes. 

To determine if the 517 amino acid open 

10 reading frame was expressed into protein in coll , 
extracts of cells 'containing a "plasm-id (pTfill) 
carrying the complete open reading frame were probed 
with .a polyclonal rabbit antiserum elicited with a 
sonicated extract of tuberculosis bacteria in a 

15 Western blot assay. In these recombinants, the 

putative protein product of the 517 amino acid open 
reading "frame would have to be expressed using the 
mycobacterial regulatory sequenceis. The polyclonal 
antiserum detected more than 100 species in an 

20 extract of M, tuberculosis cells as well as the S5KD 
antigen in extracts of S; coll cells carrying the 
appropriate plasmid (pTBl2T, but did riot detect any 
novel proteins in extracts of E. coli cells 
containing plasmids carrying the 517 amino acid 

75 residue protein open reading frame. Hence, either 
this open reading frame is not expressed in S. coli 
using the mycobacterial regulatory sequences or the 
particular antiserum used iri the immunoblots did not 
contain antibodies directed against this protein. 

30 It is not surprising that this open reading 

frame is not expressed in coli using the 
before-discussed recombinant since previous studies 
suggest that most mycobacterial genes are not 
expressed in S. coli [Clark-Curtiss et al. , (1985^, 

35 J. Bacteriol. , 151:1093-1102; and Thole et al., 
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(1985), Infect. Immun. , 5J3-8O0-806] . Also, this open 
reading frame does not contain any impressive matches 
to the E. coli consensus promoter sequences within 
the 400 bases upstream of the ATG triplet although it 

5 does contain a 3/5 match with the Shine-Dalgarno 
consensus sequence for ribosome. binding sites 12 
bases upstream of the initiator ATG triplet. 
Nonetheless, gi,ven the size of this open reading 
frame and its unique structural features (discussed 

10 below), it most likely is. expressed into protein in - 
M, tuberculosis . and can be expressed in E. coli using 
a recombinant vector designed for that expression, as 
is discussed, hereinafter.^ 

2.- Structural Features of the 517 Protein 

15 The second, long open reading frame could 

encode 517 amino acids or a. proteirv of about 51,000 
daltons (calculated- M.W. = 50, 551) . The deduced amino 
acid residue sequence is rich in. alanine , asparagine, 
glycine, and. serine and x overall is composed of 54% 

20 hydrophobic residues and 46% hydrophilic. residues. 
The amino acid sequence' of, this protein, does not 
display significant homologies with any of the 
protein sequences in the Protein Database. 

The most striking. features of , this sequence 

25 occur between amino acid residues 200 and 350, and 

more particularly at positions 217 through 328. This 
region contains many repeats of. short stretches of 
amino acids. ■ . v 

For example, the five amino acid sequence 

30 asparagine-asparagine-asparagine-isoleucine- 

glycine (N N NIG, using one letter code) is 
repeated three times consecutively at positons 227 

through 241. 

But perhaps the most interesting feature 
35 concerns a five amino residue sequence that displays 



WO 88/06591 



PCT/US88/00598 



-36- 

at least partial matches with several sequences in 
this region. These five residue sequence repeats 
begin at position 217 and continue through position 
328 of Figure 2. The consensus sequence of this 

5 repeat appears to be X - glycine - asparagine - Z - 
glycine , or XGNZG , using one letter code. For the 
fifteen sequences that match this consensus sequence, 
X is most often ^phenylalanine, serine or threonine 
(12/15) although X can also be isoleucine, leucine 

10 and aspartic acid. 2 is most often isoleucine or 
threonine (10/15) , hut is also sometimes serine, 
Leucine or valine. Additional sequences between 
positions *?00 and 350 display partial matches with 
the consensus sequence (i.e., match 2 of the 3 core 

15 residues) . 

The above five residue sequences are 
arranged, from the amiho-terminus toward the 
carboxy-terminus , with two abutting (contiguous) 
XGNZG sequences that are contiguous with the three 

20 NNNIG sequences that are themselves contiguous to 
eight contiguous XGNZG sequences. A gap of about 
seventeen residues follows, that is itself followed 
by- three contiguous XGNZG consensus sequences. 
Another gap of five residues ensues that abuts. 

25 another two contiguous five residue XGNZG consensus 

sequences. Interestingly, both of those gaps contain 

sequences having two of the three core residues of 

the consensus sequence, as well as properly spaced X 

and Z residues . » 

30 It is further noted that this region 

contains a direct repeat of a fourteen amino acid 
residue sequence with only one mismatch (residues 
295-303 and 315-325) . Those sequences are shown 
below using one letter code: 
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295-308 FNSGSGWIGFGNSG 
315-328 P N S G S G N I* G I G N S G. 

As expected, since the amino acid residue 

5 repeats of the consensus sequences are not exact, the 
nucleotide sequences in this region are not exact 
repeats. This observation suggests that 
recombinational processes such as an unequal crossing 
over may not play a role in causing rapid 

10 evolutionary changes in this region, as is often : 
observed for highly repeated nucleotide sequences. 

The remainder of this protein sequence does 
not display any other, particularly: striking, features. 
Ther highly repetitious nature of the 5.1.7. .. 

15 residue protein is reminiscent of .the repeated 

structures found in the major coat proteins, of the. 
sporozoite stage- of the malaria parasite [Nussenzweig 
et al., (1985), Cell, 42:401-403] . These 
circumsppro2oite ; or CS proteins are 40-60- K0 proteins 

20 located on the membrane of. the infectious sporozoite 
and contain a strongly immunodominant epitope that 
reacts with most of the anti-sporozoite antibodies 
found in polyclonal antisera as well as. all of the ' 
monoclonal antibodies raised against the sporozoite 

25 stage. The central region of these proteins cpntains 
20-40 tandemly arranged repeats of a 11-12 amino acid 
sequence:.. 

In Plasmodium f alciparum f the immunodominant 
epitope is contained within three consecutive repeats 

30 of the sequence asparagine-alanine-asparagine- 

proline (NANP; which is repeated 37 times in one 
isolate) and antibodies directed against this 
12-residue repeat can provide immunologic protection 
against infection with the malaria parasite. The 

35 sequence of the repeat differs in the various species 
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of this parasite and the number of repeats can vary 
within different isolates of the same species. The 
similarity of the repeated nature of the CS protein 
and that of the 517 amino acid residue 
M. tuberculosis protein raises the interesting 
possibility that the repeated sequences in the 517 
residue protein might play some role in the immune 
response to mycobacteria. 

3. Expression of the 517 Protein 
Although the 517 protein was not expressed 
using the before-described recombinant construct , 
that protein was expressed in E. coli using a 
recombinant expression vector designed specifically 
for its expression. That recombinant expression 
vector was constructed as follows , using the base 
pair numbering of Figure 2. It is to be understood 
that the DNA sequence of interest here is that shown 
in the lower of the two DNA sequences depicted, and 
that sequence/ is read from right to left and in the 
direction from 5 '-end to 3 '-end, although the 
sequence position numbers are read from left to right 
and in the direction from 5' -end to 3 '-end for the 
upper- sequence. 

The double stranded DNA sequence of Figure 2 
was cleaved with endonuclease PvuII to provide a 
fragment that extends from position 3511 to position 
4019 (509bp) . That fragment was ligated into the 
Smal site of the pUC19 vector to form intermediate 
I. Two orientations were possible for ligation of 
the PvuII fragment in the vector. Proper orientation 
was determined by usual methods such as isolation of 
several insert-containing clones and preparation of 
restriction maps of the DNA from those clones. For 
example, a Bgll fragment from a clone having the 
PvuII DNA fragment in the proper orientation contains 
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about 1500 bp, whereas a Bgll fragment from a clone 
having an improperly oriented PvuII fragment contains 
only about 1300 bp. Intermediate I was introduced 
into 13. coli to propagate the vector DNA. 

5 The propagated DNA of intermediate I was 

thereafter cleaved with endonucleases NotI (position 
3603) and Sail (in the pUC19 polylinker site). The 
resulting Notl-Sall fragment was discarded, whereas 
the remainder of the DNA of Intermediate I was 

10 retained. 

A further sample of the DNA sequence of 
Figure 2 was cleaved with endonucleases NotI 
(position 3603) and Sail (position 2202) to provide a 
Notl-Sall fragment that was ligated into the 
15 appropriate sites of the retained Intermediate I DNA 
to form a second pUC19-der ived vector denominated 
Intermediate II. That vector contained the complete 
517 protein DNA sequence, and was propagated further 
in E. coli . 

20 The propagated DNA of Intermediate II was 

collected and cleaved with endonucleases EcoRI and 
Hindlll at their respective sites in the 517 protein 
gene and in the polylinker of pUC19. The resulting 
EcoRI-Hind III fragment that contained the 517 

25 protein DNA was thereafter collected and ligated into 
those respective sites in the polylinker of plasmid 
vector pKK223-3 to form Intermediate III that 
contained the carboxy-terminal portion of the gene. 
Intermediate III was cloned in E^ coli JM105. 

30 (pKK223-3 and JM105 are available from Pharmacia Fine 
Chemicals, Piscataway, NJ.) 

A further sample of the DNA of Intermediate 
II was cleaved with EcoRI alone to excise a portion 
of that DNA from a position in the polylinker to 

35 position 2969 in the 517 protein. The resulting 
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EcoRI fragment containing DNA that codes for the 
amino- terminal portion of the 517 protein was 
collected, and was thereafter ligated into the single 
EcoRI site of Intermediate III to form the expression 

5 vector that contains the entire 517 protein gene. 

That vector was also cultured in E. coli JM105 as a 
replication/expression medium. 

It is noted that two orientations were 
possible for ligation of the EcoRI fragment in the 

10 expression vector. Proper orientation was determined 
by usual methods such as isolation of several 
insert-containing clones and preparation of 
restriction maps of the DNA from those clones. For 
. example , a KpnI-Hindlll fragment from a clone having 

15 the EcoRI DNA fragment in the. proper orientation 
contains about 2000 bp, whereas a KpnI-Hindlll 
fragment from a clone having an improperly oriented 
EcoRI fragment contains only about 800 bp. 

Expression of a recombinant protein from 

7.0 vector pKK223-3 is inducible with IPTG, and the 
induced recombinant protein is expressed as the 
protein itself, and not as a fusion product. The 
resulting E. coll cells were thus grown and then 
induced with IPTG, as discussed elsewhere herein. 

25 The expressed protein was produced in a 

relatively large amount and could be readily 
identified in an SDS-PAGE gel from a lysate of the 
2. coli cells. The 517 protein ha3 an apparent M r 
of about 55,000 daJ.tons in SDS-PAGE, as expected. 

30 The expressed 517 protein can also be 

collected and purified, as with an affinity column 
made from Sepharose 4B - (Pharmacia) to which 
antibodies raised to one or more of the 517 
protein-related peptides are bound via the cyanogen 

35 bromide activation technique, or by ammonium sulfate 
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precipitation, followed by DEAE-ceLlulose 
chromatography, 

H. Recombinants and Vectors 

The present invention thus contemplates the 

5 purified recombinant 540 protein and 517 protein, as 
well as those recombinant fusion proteins that also 
include all or a portion of another molecule such as 
beta-galactosidase fused to the amino-terminus of 
those proteins. Each of those recombinant proteins 

10 is useful for inducing the production of antibodies 
that immunoreact with those respective molecules as 
obtained from M. tuberculosis itself or from cells 
infected with that mycobacter ium. Methods of 
preparing such antibodies are well known in the art 

IS and are similar to the methods utilized for the 

peptides of this invention as described hereinafter. 

The purified recombinant 540 amino acid 
residue protein or its fusion proteins when present 
in an effective amount in .an inoculum are also useful 

20 in a DCH assay, as described before. Those proteins 
are also useful in diagnostic methods and kits useful 
for assaying for the presence of infection by 
M. tuberculosis . 

Nucleotide sequences are also contemplated, 

25 as are non-chromosomal plasraid vectors useful for 
propagating those DNA sequences and expressing the 
protein products coded for by those sequences. 

A nucleotide sequence of this invention 
consists essentially of one of the before-described 

30 sequences. Thus, a nucleotide sequence of the 

invention excludes additional nucleotides that affect 
the basic and novel characteristics of a nucleotide 
sequence that codes for the 540 protein or the 517 
protein. 



WO 88/06591 



PCT/US88/00598 



-42- 

A nucleotide sequence of the invention can 
include one or more transcriptional promoter 
sequences operationally linked to the sequence 
adjacent to the 5' -end thereof. Where translation of 
5 the DNA and protein expression are desired, the DNA 
al30 includes a translation initiating codon (ATG) 
and a translation terminating codon (TAA or TAG or 
TGA) , each operationally linked adjacent to the 
5 r -end and 3' -end, respectively f.fpt the sequence, 
10 with the translation initiating codon being located 
between the promoter sequence and the S'-end. 

A DNA sequence that codes for all or a 
portion of another molecule can also be included in 
the DNA molecule so that the translated (expressed) 
15 proteinaceous molecule is a fusion protein that 

includes an amino acid residue sequence of all or a 
portion of that other molecule fused (linked by a 
peptide bond) to the expressed 540 protein or 517 
protein. An exemplary fusion polypeptide is; the fusion 
20 protein molecule- discussed herein that contains a 

portion of the beta-glactosidase molecule fused to the 
amino-terminus of the 540 amino acid residue protein. 

All of the nucleotide sequences shown in 
Figure 2 can be present so long as an enumerated DNA 
25 molecule remains replicable, where only replication is 
desired. Where replication and translation 
(proteinaceous molecule expression) are desired, those 
nucleotide sequences are present so long as the DNA 
molecule remains replicable and the proteinaceous * 
30 molecule containing the amino acid residue sequence of 

540 protein or 517 protein expressed exhibits * 
immunological cross-reactivity with the antibodies 
raised to an appropriate peptide described herein* In 
more preferred practice , only those base pairs needed 
35 for expression of a desired protein are utilized. 
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A non-chromosomal , plasmid vector for 
propagation and expression of a desired DNA nucleotide 
sequence as defined herein in a replication/expression 
medium, e.g., a unicellular organism or the like such 

5 as E. coli , S. cerevisiae or mammalian cells such as 

COS cells, is also contemplated.. That vector comprises 
a replicon that is compatible with the 
replication/expression medium and contains therein the 
foreign DNA molecule (e.g., all or a portion of the 

10 sequence shown in Figure 2) to be replicated in a 
manner such that the vector can propagate the DNA 
molecule. 

In addition, the non-chromosomal plasmid 
vector also includes those sequence components that are 

15 utilized for transcription and translation. To that 
end, a -transcriptional promoter can be operationally 
linked to the DNA molecule present adjacent to the 
5 '-end thereof, as already noted. The transcriptional 
promoter can be endogenous to the vector or exogenous 

20 to the vector. A transcriptional promoter endogenous 
to the vector such as the lac Z promoter-operator 
utilized in the vectors derived from pUC19 or the 
trp-lac (tac) promoter of pKK223-3 is preferred. A 
translational terminator can also be operationally 

25 linked adjacent to the 3 f -end of the DNA molecule in 
some instances, although the nucleotide sequence 
represented, by the formula of Figure 2 contains such 
terminator sequences. 

An initiation codon (ATG) adjacent to the 

30 5 f -end of the sequence that begins translation 

in a replication/expression medium is also required 
to be present in a vector used for expression. Such 
a codon can be present in a defined DNA molecule in 
frame, as is the case with the sequences shown in 

35 Figure 2, or can be a portion of the precursor 
plasmid vector nucleotide sequence. 
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The before-discussed transcription promoter, 
translation initiating and translation terminating 
codons are frequently parts of the non-chromosomal 
plasmid vector as compared to a DNA molecule of the 

5 invention. For use in expression of the 

proteinaceous molecule , the precursor plasmid 
frequently also includes a ribosome binding site 
(Shine-Delgardo. sequence) adjacent to the 5'-end of 
the foreign DNA molecule and located upstream from 

10 the initiation codon f as is well known. The vector's 
. promoter such as the lacZ and tac promoters .utilized 
herein typically contain a ribosome binding site. 

Thus, the nucleotide sequence of the plasmid 
vector used for expression, aside from those 

15 nucleotides needed for the replication and general 

vector function include, in frame and from 5' -end to 
3'-end, a ribosome binding site operationally linked 
adjacent to the 5' -end of a transcription promoter; 
that promoter operationally linked to the 5' -end of 

20 the translation initiating codon? that codon 

operationally linked to the 5 '-end of: (a) a sequence 
of a portion of another molecule that is expressed as 
a fusion protein with the desired protein r or (b) a 
foreign DNA molecule of this invention; where (b.) is 

25 present , that sequence is operationally linked to the 
5-end of a DNA molecule of this invention. An 
expression vector containing the foreign DNA molecule 
of this invention , (however linked adjacent to its 
5 T -end> also contains a translation terminating codon 

30 adjacent the 3 T -end of the foreign DNA. 

It is. to be understood that all of the DNA 
sequences of the vector must be compatible with the 
replication/expression medium utilized for 
replicating the DNA, and more preferably for 

35 expressing a product coded for (encoded by) a DNA 
molecule of this invention. 



It is also to be understood that the 
before-recited signal sequences of the useful vector 
can be supplied to that vector by the foreign DNA or 
by a precursor to the final vector. For example, the 
translation initiation and termination codons in the 
expression vector for the 517 protein are provided by 
the foreign DNA, whereas the promoter and ribosoraal 
binding site sequences are provided by the precursor 
plasmid. 

A vector of the invention is at least 
capable of replicating (propagating) a DNA molecule 
of the invention. More preferably, the vector is 
capable of not only replicating a DNA molecule f but 
is also capable of expressing or translating the 
genomic information of that DNA into a recombinant 
protein molecule that is immunologically similar to 
the 540 protein or the 517 protein; i.e., will induce 
cross-reactive antibodies. 

A non-chromosomal plasmid vector of this 
invention need not be limited to . those vectors useful 
for replication and translation (expression) in 
E. coli as host replication/expression medium. 
Substantially any vector useful for replicating 
(propagating) and expressing a DNA. sequence can be 
utilized for replicating the DNA , e.g. in mammalian 
or eukaryotic cells. 

A wide range of such vectors is commercially 
available as are appropriate host replication media. 
Exemplary vectors, both plasmids and bacteriophages 
and hosts are available from the American Type 
Culture Collection of Rockville, MD, and are listed 
in its CATALOGUE OF BACTERIA, PHAGES AND rDNA 
VECTORS, sixteenth ed., 1985. In addition, plasmids, 
cosmids and cloning vectors are listed as being 
available in catalogues from Boehringer Mannheim 
Biochemicals of Indianapolis, IN; Bethesda Research 
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Laboratories,, Inc. of Gaethersberg, MD, and New 
England Biolabs, Inc. of Beverly, MA. 
I . Peptides 

Another aspect of the present invention 

5 relates to a peptide that consists essentially of an 
amino acid residue sequence that corresponds 
substantially to a portion of the 540 or the 517 
protein sequence. Such a peptide contains 5 to about 
40 amino acid residues , and more preferably about 10 

10 to about 20 amino acid residues that correspond 

substantially in sequence to a protein of either the 
540 amino acid residue protein or the 517 amino acid 
residue protein that are coded for by the DNA 
sequence shown in Figure 2. 

15 A useful peptide most preferably contains 

only those amino acid residues that are identical or 
homologous to (conservative substitutions for) 
residues present in a sequence of either of the two 
above proteins. Additional residues of substantially 

20 any length can also be present at either or both 
termini of the peptide. However r any additional 
residues must not interfere with the activity of the 
. peptide, as discussed hereinafter, and therefore , a 
peptide of this invention is said to "consist 

25 essentially 1 * of an enumerated sequence. For example, 
a peptide of the invention is free of 
immunosuppressing sequences. In addition, if 
additional residues are present, and together with an 
above peptide correspond substantially in sequence to 

30 further portions of the same protein to which the 
sequence of the peptide substantially corresponds, 
the resulting peptide is of a molecular weight less 
than that of the naturally occurring 540 or 517 
proteins , respectively. 

35 A peptide of this invention is useful, inter 

alia , for inducing the production of antibodies in a 
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laboratory mammal such as a mouse or rabbit. Those 
induced antibodies immunoreact with the inducing 
peptide as well as with the protein to which the 
peptide sequence substantially corresponds when that 

5 protein is in an SDS-denatured form as in' a Western 
blot analysis subsequent to SDS-PAGE analysis. 

Thus, the anti-peptide antibodies can be 
used in solid phase assays for the detection of the 
presence of an antigen that is thg 540 protein or the 

10 517 protein of M. tuberculosis , in this instance, 
the assayed sample such as sputum provides the 
antigen that is affixed to the solid phase matrix, to 
form the solid support. An aqueous composition 
containing the anti-peptide antibodies or their 

15 idiotypic portions (binding site-containing portions) 
is admixed, maintained and separated from the solid 
phase as previously discussed for the presence of 
anti-65KD protein antibodies. The presence of bound 
anti-peptide antibodies is thereafter assayed: to 

20 determine the presence of the M. tuberculosis antigen 
in the sample, following the broad admixture, 
separation and analysis steps previously described. 
Whole antibodies and their idiotype-containi'ng 
portions such as Fab and P{ab') 7 portions are 

25 collectively referred to as paratoic molecules. 

In exemplary studies, antibodies (paratopic 
molecules) were raised in New Zealand white rabbits 
to both the amino-terminal and carboxy-terminal 
polypeptide sequences (Peptides 1 and 54 of Table 4, 

30 hereinafter) of the 540 protein. Varying dilutions 
. of pure M. tuberculosis cultures were bound to the 
walls of microtiter plates to form a solid support 
and one or the other of the two aqueous anti-peptide 
antibody preparations was admixed with the solid 

3 5 support to form a solid/liquid phase admixture. 

After maintaining the solid/liquid phase admixture 
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for a time period sufficient for the anti-peptide 
antibodies to bind to the mycobacterial antigens 
present, the phases were separated. The solid phase 
was rinsed to assure removal of unbound anti-peptide 

5 antibodies. The presence of anti-peptide antibodies 
bound to the solid support was thereafter determined 
by standard methods. 

As a result of those studies, it was 
determined that the presence of a mycobacterial 

10 antigen could be detected at a concentration of about 
10 5 organisms per well. Sputum samples from 
persons with active infections of M. tuberculosis 
typically contain about 10^-10 6 organisms in the 
volume of a sample utilized in the study. Thus, 

15 anti-peptide antibodies raised to a peptide of this . 
invention such as those raised to Peptides 1 and 54 
can be utilized to detect mycobacterial antigens 
present at a level found in a clinical environment. 
Antibodies were similarly raised to the 

20 immunologically active recombinant, fusion, 540 

protein produced by pTB22, and a similar antibody 
binding study was carried out.. The results were 
generally similar to those discussed above, except 
that this assay was somewhat more sensitive, 

25 presumably as a result of the polyclonal character of 
the induced antibodies* 

In addition to the above assays for 
mycobacterial antigens, several additional 

immunoassays can be carried out using antibodies • 
30 induced (a) by the previously-mentioned 540 protein, 
or more particularly Cb) by an immunologically active 
portion thereof such as the fusion protein produced 
by pTB22, a fusion protein that contains a peptide 
sequence of Tables 2 or 4 fused to a portion or all 
35 of another molecule such as beta-galactosidase, or by 
a peptide of Tables 2 and 4. Such additional 
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immunoassays are well known in the art and include, 
for example, double antibody, "sandwich" , assays, and 
competition assays as where a peptide or other 
antigen described herein competes for the antibodies 

5 with a mycobacterial antigen in the assayed sample. 
In each of the immunoassays, a sample to be 
assayed for the presence of a mycobacterial 65KD cell 
wall protein-a antigen is admixed in an aqueous 
medium with paratopic molecules raised to the 540 

10 protein, or more particularly to an immunologically 
active portion thereof. The resulting admixture is 
maintained for a time period sufficient for the 
paratopic molecules to immunoreact with mycobacterial 
antigens present in the admixed sample to form an 

15 immunoreactant. The presence, and usually the 
amount, of immunoreactant formed is determined. 

The anti-peptide paratopic molecules can 
themselves contain a label. Preferably, however, a 
second label-containing reagent is utilized that 

20 reacts with the bound paratopic molecules such as 
whole anti-peptide antibodies. The • 
peroxidase-con jugated goat-anti-mouse antibodies 
utilized herein are exemplary of such reagents. 

A solid phase assay kit that utilizes* the 

25 anti-peptide antibodies or other paratopic molecules 
induced by an immunologically active portion of the 
540 protein is also contemplated herein for clinical 
use of the before-described method. Here, the kit 
contains at least a solid phase matrix to which the 

30 assayed-for antigen of the sample or antibodies can 
be affixed in one package and a preparation of 
anti-peptide or anti-immunologically active 540 
protein portion paratopic molecules that immunoreact 
with the 540 (65KD) protein or the 517 protein in a 

35 second package. Additional packages of reagents 
similar in type and function to those previously 
mentioned can also be included. 
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Por inducing par'atopic molecules such as 
whole antibodies , a useful peptide is typically 
linked to an antigenic carrier molecule such as 
keyhole limpet hemocyanin (KLH) as a conjugate, the 

5 conjugate is thereafter dispersed in a 

physiologically tolerable diluent as an inoculum r and 
the inoculum is injected into the laboratory mammal 
using well known procedures. The inoculated animal 
is maintained and given booster injections as 

10 required, until a desired antibody titer to the 
inducing peptide is achieved. The mammal's 
. antibody-containing serum is thereafter obtained , 
purified as desired, and utilized in a diagnostic 
assay such as an SDS-PAGE/Vfestern blot for the 

15 presence of a substantially corresponding protein. 

The word "inoculum" in its various 
grammatical forms is used herein to describe a. 
composition containing an amount of peptide 
conjugate, peptide polymer (as described 

20 hereinafter) , 55KD protein or recombinant protein 

sufficient for a described purpose that is dissolved 
or dispersed in an aqueous , physiologically tolerable 
diluent. Exemplary diluents are well known and 
include water, physiological saline, 

25 phosphate-buffered saline, Ringer's solution, 
incomplete Freund's adjuvant and the like. 

Inocula can contain varying amounts of a 
preferred peptide or polymer, depending upon its use. 
Where paratopic molecules are to be formed 

30 or an inoculum is otherwise to be used as a vaccine, 
about 100-500 micrograms of peptide or peptide 
polymer are used per injection into laboratory 
animals such as mice, rabbits or guinea pigs. Larger 
amounts are utilized for larger mammals, as is 

35 known. Similar amounts of peptide or polymer are 
utilized for in vivo DCH assays. 
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Sraaller amounts of antigenic peptide or 
antigenic peptide polymer are utilized for i_n vi tro . 

stiraulation assays. Using 200 microliters (ul) of 

4 

total volume and about 1-2x10 PBMC and about 

5 IxlO 5 antigen-presenting cells, concentrations of 
about 0.1 to about 50 micrograms of antigen per 
milliliter are useful. 

Exemplary procedures for the chemical 
synthesis of a useful peptide as well as preparation 

10 of a conjugate and use of the conjugate to raise 

antibodies can be found in U.S. Patent No. 4,636, 453 , 
No. 4,599,231, No. 4,599,230, No. 4,545,931, 
No. 4,544,500, all of whose disclosures are 
incorporated herein by reference. 

15 Another use for a preferred peptide of this 

invention is in an assay for the presence of 
mycobacterially-exposed (or immune); L.e., previously 
immunologically exposed, mononuclear cells such as T 
cells in a body sample, containing such cells. 

20 Mycobacterially-exposed (or immune) mononuclear cells 
are cells that themselves have been immunologically 
exposed to a mycobacterial immunogen or whose 
progenitor cells had been so exposed to such an 
immunogen. Thus, a preferred peptide can be used to 

25 determine whether a mammal has been immunized against 
a mycobacter ium or has or has had a mycobacterial 
infection. 

In such an assay, peripheral blood 
mononuclear cells, and particularly T cells, from the 

30 mammal are provided. Those cells are admixed and 
contacted in an aqueous cell culture medium with a 
stimulating amount of both antigen presenting cells 
and a preferred peptide of the invention to form a 
stimulatory cell culture. The stimulatory cell 

35 culture is maintained for a period of time sufficient 
for immune mononuclear cells present to be stimulated 



WO 88/06591 



PCT/US88/00598 



and to evidence that stimulation/ usually about 13-96 
hours and most usually 24-48 hours, under usual cell 
culture conditions. The presence of mononuclear cell 
stimulation is thereafter determined. 

5 Where mononuclear cell stimulation . is found, 

it indicates the presence in the assayed mononuclear 
cell population of cells which themselves were 
immunologically exposed to a mycobacteri um or whose 
parental line was immunologically exposed to a 

10 mycobacteri um. 

As is illustrated by the results shown in 
Table 3, hereinbefore, the recombinant 540 protein 
and recombinant fusion protein containing a portion 
of the beta-galactosidase molecule and an 

15 immunologically active portion o£ the 540 protein 
were useful in stimulating mycobacteriologically- 
immune mononuclear cells in vivo in a DCH assay. 
Such molecules can be utilized in the above-described 
assay, and in the stimulatory assays described 

20 hereinafter in the same manner as can the peptides, 
and in the place of a peptide. 

Mononuclear cell stimulation can be 
determined in a number of manners that are well known 
in the art, some of which are described specifically 

25 hereinafter. The cells of . the mononuclear cell 

population that most usually are stimulated are T 
cells, and for that reason, the mononuclear cells 
will be usually referred to hereinafter as T cells. 
More particularly, T cells that exhibit the CD 4 or T4 

30 (CD4 + or T4 + antigen and those that exhibit the 
CD8 or T3 (CD8 + or T8 + ) antigen are the cells 
that are typically stimulated. Those T cells are 
often more generally referred to as helper and killer 
or cytotoxic T cells, respectively. 

35 Exemplary manners in which T cell 

stimulation can be determined include (a) 
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proliferation as assayed by the uptake of a 
radiolabeled nucleoside such as [ 3 H] -deoxythymidine 
also referred to as [ 3 H]-Tdr, [ 3 H] -thymidine 
([ 3 H]-T), (b) secretion of inter feron- gamma , (c) 

5 secretion of interleukin-2 (IL-2) , (d) secretion of 
granulocyte macrophage-colony stimulating factor 
(GM-CSF) , (e) cytotoxicity, a phenomenon that can 
occur with T cells such as T4 + T cells as well as 
with.T8 + cells, (f) the ability to provide an in 

10 vitro B cell helper function, (g) the ability of 

immune T cell clones to provide a delayed cutaneous 
hypersensitivity (DCH) response in vivo as described 
herein and in U.S. Patent No. 4,689,397 whose 
disclosures are incorporated by reference, and 

15 (h) the ability of immune T cell clones to provide 
protective immunity in vivo . 

A kit is also contemplated for use with the 
immediately preceding assay. That kit can include a 
number of containers, at least one which contains a 

20 preferred peptide antigen of this invention or a 
polymer of such a peptide antigen whose repeating 
units are comprised of a "di-Cys-terminated" peptide 
as is described hereinafter. A mixture of two or 
more such preferred peptides or their polymers can 

25 also be present. A sufficient amount of a preferred 
peptide or peptide polymer is contained in the 
container to perform at least one assay using that 
method. 

The assay kit can further include a 
30 premeasured amount of buffer or other salt for the 

preparation of an inoculum of the peptide or polymer 
upon the addition of water or other suitable aqueous 
medium. The inoculum can also be provided in 
premixed aqueous form either at the concentration for 
3 5 use or as an aqueous concentrate to be diluted. 
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Of course, the particular constituents and 
concentrations of those constituents can differ 
between in vitro and in vivo assays as well as 
between 'different mammals whose cells are to be 
assayed. Such constituents and concentrations can be 
readily determined by skilled workers. It is to be 
further understood that a previously described fusion 
protein that includes an immunologically active 
portion of a mycobacterial 65KD cell wall protein-a 
antigen can also be used to the exclusion of a 
peptide or polymer thereof as the antigen. Thus, the 
antigen of the kit can more broadly be described as a 
mycobacterial antigen. 

A useful peptide corresponds substantially 
in sequence to a sequence of either the 540 dr the 
517 proteins discussed previously. Substantial 
correspondence of peptide sequences can be determined 
in a number of ways. 

. Of course , two peptides having identical 
sequences correspond substantially , as do to peptides 
that share identical sequences but also contain one 
or more further sequences. Similarly, two sequences 
that differ by conservative substitutions such as 
isoleucine for leucine or valine, asparatic acid for 
glutamic acid, asparagine for glutamine , arginine for 
lysine, serine for threonine, phenylalanine for 
tryptophan and tyrosine for phenylalanine, also 
correspond substantially. 

Two sequences can also correspond 
substantially when antibodies raised to one 
immunoreact with another. For example, the 
particular peptides disclosed hereinafter can be used 
to raise antibodies that immunoreact with the 65KD 
(540) protein, and consequently, those peptides 
correspond substantially in sequence to the sequence 
of the 55KD protein. 
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Biocheraical evidence from immunoassay and 
from analogy with conserved protein-protein 
interaction in solved X-ray crystallogr aphic 
structures with differing sequences such as in the 

5 dimer contacts of oligomeric enzymes indicates that 
the conservation of protein-protein recognition does 
not require a strict conservation of sequence, for 
relatedness. Whereas single amino acid residue 
changes may affect such recognition to a wide degree 

10 depending upon the nature of the substitution, in 
general terms the relatedness and thus substantial 
correspondence of two differing amino acid sequences 
with respect to protein-protein (and antigenic and/or 
immunogenic) recognition can be expressed in terms of 

15 seven basic amino acid residue parameters: 

(1) hydrophobicity; 

(2) evolutionary occurrence of changes in 
known sequences; 

20 (3) size of side chain; 

(4) charge and polarity; 

(5) preference for turned secondary 
structure; 

(6) preference for beta strand secondary 
25 structure; and 

(7) preference for helical secondary 
structure . 

To define the degree of* sequence identity 
relevant to antigenic and/or immunogenic recognition, 

30 and thus substantial correspondence of peptide 

variants, a consensus matrix based upon the above 
seven criteria can also be used to assign numerical 
values for each amino acid residue pair in the 
sequences being considered for substantial 

35 correspondence. For the purposes of the present 
invention, a consensus matrix developed by Dr. 
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Elizabeth Getzoff and Dr. John Tainer of the Scripps 
Clinic and Research Foundation of La Jolla, CA can be 
used. That consensus matrix is as follows/ wherein 
the individual amino acid residues are designated by 
5 a one-letter code in the interests of conciseness: 
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Sequence comparison using the foregoing 
consensus matrix involves the determination of all 
possible alignments and the subsequent scoring of 
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these alignments by the matrix. Two sequences are 
then aligned by computing the maximum match score 
from the consensus- matrix . An alignment score in 
standard deviation unit3 can be determined by taking 

5 the difference between the maximum matched score and 
the average maximum matched score for random 
permutation of the two sequences, arid" then dividing 
by the standard deviation of the random score. 

For the present purposes, a consensus matrix 

10 score greater than three standard deviations 

(approximately an average value of about 3 per 
residue) shows significant relatedness at a 
confidence level of more than:99.7%.' This is. a. 
restrictive criterion since it gives a frequency of 

15 0.005 for all 5-residue peptides, and 0. 0014 for - all 
13-residue peptides occurring in 2222 known protein 
sequences.: Similarly, a consensus matrix score 
greater than two standard deviations (approximately an 
average value oS about 2 per residue) shows 

20 substantial correspondence to be significant at a 
confidence, level of more than 95.4%.: 

. To determine substantial correspondence for . 
the purposes ~of~. the. present" invention, the consensus 
matrix score is calculated by ascertaining the matrix 

25 value for each; aligned amino acid residue pair under 
consideration,, and. then summing- the. individual values 
for eacfr such pair. The obtained sum is then compared 
against;, the number- of standard deviations signifying 
the desired. confidence level. If the obtained sum is 

* 

30: greater than the product of the selected number of 
standard deviations times the number of amino acid 
residue pairs ' under consideration, then the amino acid 
residue sequences being compared correspond 
substantially to the indicated confidence level. 
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For example, to ascertain the substantial 
correspondence of the amino acid residue sequences 
-Lys-Trp-Phe-Cys-Gly- 
and 

5 -Arg-Ile-Phe-Cys-Gly- 

the consensus matrix yields the following values 



Value 

-Lys- & -Arg- or K * R 5 
10 -Trp- & -lie- orW & I 0 
-Phe- & -Phe- or F & F 7 
-Cys- & -Cys- or C & C 7 
-Gly- 5 -Gly- or G & G 8 



15 Total ~ 27 



For substantial correspondence at the 99.7% 
confidence level, the consensus matrix score must 
exceed the number of amino acid residue pairs under 

20 consideration times 3; i.e., 5x3 or 15. Inasmuch as 
27 is greater than 15, substantial correspondence is 
indeed present for the above two peptide sequences. 

For the purposes of the present invention, 
substantial correspondence among peptides within the 

25 scope of the invention preferably is present at, least 
to about 95% confidence level, and more preferably to 
at least about 99% confidence level. 

A DNA sequence can correspond substantially 
to another DNA sequence if both sequences contain - 

30 sequences of fifteen bases that are in phase and 

identical, or bases that are not identical but code 
for an identical sequence of amino acid residues, or 
code for amino acid residue sequences that correspond 
substantially. Thus, amino acid residue sequences 

35 that correspond substantially are encoded by DNA 
sequences that correspond substantially. 
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It is to be noted that two or more peptide 
sequences can substantially correspond as determined 
by one or both of the latter two definitions and 
still exhibit different immunoreactivi ties with 
antibodies raised to the intact protein as is found 
in nature or with T cells stimulated by such natural 
proteins. An example of this phenomenon is discussed 
hereinafter. % 

In addition to the specific peptides 
disclosed in Table 2, hereinbefore/ further peptides 
that correspond in sequence to a portion ....of the 540 
protein sequence are also useful herein. =. A list of 
those peptides is provided in Table 4, Jaelow. 



15, 



Table 4- 



peptides. 



2 Q: Peptide. 



Number Residues- 



Sequence 



25 



30. 



1 



2 



35 



4 
5 
6 
7 



1-15 



11-25 



i 21-35 



31-45 
41-55 
51-65 
61-75. 



M A K T I A Y D E E A_ : R R G L 



A R R G L E. R G • L N A L A D A 



■ A L" A D A V K V T L G P K G R 



G P..K G: RN V V L E K K W G A 



KKWGAPTITNDGVSI 



DGVSIA.KE. IELEDP* 



LED, P.YEKIGAELVKE 
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8 
9 
10 
11 
12 
13 
1* 

15 15 

16 
17 

20 

18 
19 

25 20 
21 
22 

30 

23 
24 

35 25 



71-85 
81-95 
91-105 
101-115 
111-1 2S 
121-135 
131-145 
141-155 
151-165 
161-1-75- 
.171-135 
181-195 
191-205 
201-215 
211-225 
219-233 
231-245 
241-255 



-60- 

ELVKEVAKKTDDVAG 
DDVAGDGTTTATVLA 
ATVLAQAL.V. REGLRN- 
EGLRNVAAGANPLGL 
N P L G It K R G I E K AVE K 
K. A V- E K T, T E T L L K G A X 

_ L K G A K E: V E. T. K E Q I A A 
E £ I A A- T A. A: I: S A G D Q S 
AGO.Q S I G £K L I A E. A. M D 

; A E A M D K V G- » E G V I T V 
G V I T V E E S NT F G 1 Q L 
F G X, Q L E L T E G M R F D K 
M R F D K G Y I S G 2 F V T D 



Y F V T D P E R Q E A V I. E D 



AVLEDPYI-LLVSSKV 



LlrVSSKVSTVKDLLP 



LLPLLEKVIGAGKP L 



AGKPLLI IAEDVEGE 
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26 
27 
28 
29 
30 
31 
32 

15 33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 



20 



25 



30 



35 



251-265 

261-275 

271.-285 

281^295': 

29 lr 30 5. \ 

301-315.: 

311*325- 

321r335 

331-345 

341-355 

351-365 

361-375 

371-385 

381-395 

391-405 

401-415 

411-425 

421-435 



-61- 

DVEGEALSTLVVNKI 
VVNK1 RGTFKSVAVK 
S- V A V K A. P G F G D R R K A 
D R R K A M L Q D M- A- 1 L T G 
A" I-- 1. Thfi G Q .V I. S E E V G L 
E, E V". G L T L; E - Nf: D L S L L 
D LJS:.L:t/G:K-A;R:K : V- V V" T K 
VVVTK DETT I VEGAG 
V 2T a A: G." D T D A LAG R V A 
A G R: V A Q I R Q B'.I B H S D 
IENSDSDYDREKLQE 
E K L Q E R vn A K ; L A G G V A 
A G G V A V I;K A G- A A T E V 
A A T E V"B .L : K E R K H R I E 
K H R I E DA V R IN A K A A V 
AKAAVEEG I VAGGGV 
AGGGVTLLQAAPTLD 
APTLDELKLEGDEAT 
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44 431-445 ' G DEATGAN I V K V A -L E 

45 441-455 KVALEAPLKQIAFNS 
5 46 451-465 IAFNSGLEPGVVAEK 

47 461-475 VVAEKVRNLFAGHGL 

48 471-485 A G H G L. N A Q T G V Y E D L 

.49 - . 481-495 . V Y E D,L LAAGVADP V K 

50. 431-50i _.. ADP7KVTRSALQNAA 

15 51 501-515 L Q N A A S I A G L P L T T E 

52 - 511-525 F L T T E A V V A D K P E K E 

53 521-535 K P E K E R A S V P G G G D M 

2 0 ' • : ~ • • • 

54 526-540 ' K A S V P G G G D M G G M D F 

lf2 See dotes 1 and 2 of Table 2. 

25 preferred peptides for use in the previously 



described assay for the presence of mycobacterially- 

inuaun^ mononuclear -cells are those that are numbered 
o . 
as follows, .wherein the numbers are those shown in 

one of both of Tables 2 and 4, and whose sequence 
30 positions in the 540 protein are given in 

parentheses: Peptide 22 (211-225); Peptide 23 

(213-233); Peptide 24 (231-245); Peptide 30 
(291-305); Peptide 46 (451-465) ; Peptide 58 (11-28); 

Peptide 59 (66-79) ; Peptide 60 (114-130); and Peptide 
35 62 (394-408) . - ■ 
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Several proliferative assays were conducted 
using the peptides of the invention. Results of 
those studied are shown and discussed below. 

One study was carried out using pooled 
peripheral blood mononuclear cells (PBMC) from - 
M. bovis - BCG- vaccinated humans i The details* of this 
study are described in the Materials and Methods 
Section; Briefly, PBMC were -isolated and seeded" into 
culture plate welis. Such PBMC populations contain 
their own endogenous aritigen-piesentihg or feeder 
cells* .Vpeptide of the invention was added as 
antigen at either 0.1 microgram per milliliter 
(ug/mtJ r 1 ug/ml or "10 ug/ral -of culture* The - : 
antigen/cell culture mixture was maintained for a 
time peelod'QfilaiJK^Jte^j^atl.vMch- time > radiolabeled 
thymidine was admixed. ""The cultures were harvested 
eighteen hours _later„aind the thymidine incorporation 
was'measuf ed in a •liquid scintillation counter . The 
results of this study are .shown - in Table 5; below. 



Table 5 



25 



Peptide 
Number- 



protein- 540 
Peptide-Induced PBMC Proliferation 1 



Residue 
Positions- 3 



Proliferation 

A 

Response * 



30 



35 



-10 
21 
22 
24 
25 
30 
35 
43 



91-105 
201-215 
211-225 
231-245 
241-255 
291-305 
341-355 
421-435 



++ 
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46 


451-465 


+++ 


47 


461-475 


a 


48 


471-485 




49 


481-495 




53 


521-535 


■-. 


54 ... 


526-540 


" - _ — • 


58 


11- 28 


++ 


59* 
60 


v ; 66-. 79 


++ 


114-130 


+++ 


61* 


154-172 ... . 




23* ... 


219-233 .. . 


+++ 


* 

62 


394-408 


+++ 


'«* .; 


494-508L . 





15 „ „. proliferation, as measured by 

incorporation, of C 3 H]-thymi<ijLiie in counts per 
. minute, (cpra) . ..^ . , ; ...... 

7 2 . Peptide number as shown in Tables 2. and 4. 
3 . Peptide residue sequence positions as shown 
20 in Tables 2 and 4 and in Pigure 2. 

* Proliferative response reported at the 
optimal peptide concentration is represented as follows: 
"+++" ; ; 10 f 000-40, aQO.-C^lt ."++■ 2000-10,000 Cpm; or * 
300-700 cpm. ; Proliferation in the absence of. peptide 

~25 antigsn-was 421+37 cpra r . and was 82,857 +2,913 cpm in the 
presence of an extract of M. tuberculosis . Standard 
deviations, did not exceed 15 percent in any of the 
triplicate measurements. . n 

* .Peptides, predicted to form amphiphilic 

30 helices • 

. .. The above results indicate that nine of the 
twenty petides assayed elicited a strong 
proliferative response. Thus, nine regions of "the 
35 540. protein were identified as human T cell antigens. 



Seven regions of the 540 protein were 
predicted by computer-assisted analysis to form 
amphophilic helices. Regions that can form 
amphiphilic helices appear to have a higher 
probability of being recognized- by T cells. 
Berzbfsfcyv (1935): Science- /- 229 : 932^ 94 0 -. - However, 
only five- of those -seven peptides provided a 
proliferative responses This indicates that 
amphiphilicity is rieither sufficient^ nor necessary 
for a peptide to interact with- T cells-.- 

: : In -further studies with' PBMC from i ndi vidual 
BCG- immunized humanav an" influence of BLA type was 
noted on reactivity.- ThusV lymphocytes from two- 
persons with- the HLA-DR4 allele reacted^ with Peptide 
62 (positions- 364-408) but- not^wit** Peptide 30 
(positions 1 291— 305) , whereas^ cells- ftonr three persons 
with the HLA-DRl allele reacted wi tb Peptide 30 but 
not with Peptide^ 62V : '■ " - - : • - 1 - 

The above results indicate a genetic, HLA 
restriction on- the : prolieration responise. Thus, a 
mixture of preferred peptides or- their polymers is 
preferred when assaying an out bred population such 
as humans so that false negative responses.- can be 
mi nimi zed ; - ' 

- ; " : Another proliferation study: was carried out 
with sixteen of the above peptides.- The 
proliferating cells here werfc either one of two T 
cell clones or a polyclonal T cell line. One T cell 
clone came from a- tuberculosis patient (AH) and is 
designated K8AH. The second T cell clone was 
obtained from a person <JM> vaccinated with 
heat-killed M. leprae and is referred to as A7JM. 
The polyclonal T cell line (JM) was also obtained 
from the -cells of JM that were initially stimulated 
with M. bo vis BCG, stored frozen and thereafter 
stimulated with a recombinant 65KD protein from 
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M. tuberculosis (Oftung et al . , (1987) J . Immunol . , 

138:927-931]. 

Proliferation was again assayed -by the 

[ 3 H]-thymidine incorporation method. Here, 

autologous PBMC irradiated to inhibit proliferation 

but sufficiently viable to act as antigen-presenting 

cells were added to the cultures of both isolated T 

cell clones and the cell line along with a 

mycobacterial "antigen. After three "days' of : 

maintehaEttcey thfe cultures were bulked- witbr the ; 

radiolaber f br : four hours-, harvested arid' their 

counted.' : / ~ c : ' : ■ - : - : ■ - ' *" : ■ "" ; : - ' - - : - ''■ ** ; ° •. 

. Tbe details of this study are provided in 

the Materials i and &efchods : "Section^ The 1 r^sulta- are 

* 

showa : in Table' fff -below; - - -" -\ ' J 



table 6 



20 



Peptide " 
Number - 



: .■: • • • proteift 540 ' "~ "~7 ■ ■• ' 
Peptide-Indiiced Pro! if ecation^ 

- - - - Proliferative ■ Respotise 3 



K8AH 



A7JM 



JM 



25 



30 



35 



59" 

10 

21 

22 

23* 

25 

30 

35 

52* 

43 

46- 



0*3" 


+ 


0.1 " 


0.2 


+ '0.1 ; y 


0.-3 


+ 


0.2 


0.4 


+ 


0.2 


Oil 


+-0 ■■ 


0.2 


+ 


0 


0.3 


+ 


0 


0.1 


+ 0 


0.2 


+ 


1 


0.5 




0- 


14-. 0- 


+ 2;0 


88.2 


+ 


15.8 


0.2 


+ 


0.1 


0.1 


+"0.1" 


' 9.0 


+ 


2.8. 


7.4 




0.3 


0.1 


+ Or 


4 J. 


+ 


0.1 


0.9 


+ 


0.2 


0.1 


+ 6 


0.3 


+ 


0.2, 


0.4 




0.1 


0.1 


+ 0 


0.7 


+ 


0.2 


0.4 


+ 


0.1 


0.4 


±- o : 


0.3 


+ 


0.1 


0.4 




0.3 


0.2 


± 0 


0.3 


+ 


0.1 


0.3 


+ 


0.1 


0.1 


+ 0.1 


0.2 


+■ 


0.1 


0.5 


+ 


0.1 


0 . 5- 


+ 0 


■" 11.4 


+ 


0.2 
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49 


0.5 


+ 


0.1 


0 


+ 


0 


0.4 


+ 


0.3 




53 


0.1 


+ 


0 


0.2 


+ 


0.1 


0.2 


+ 


0.1 




54 


0.4 


+ 


0.2 


0.2 


+ 


0.1 


0.9 


+ 


0.1 




63 

...... 


0.4 


+ 


0 


0.2 


— 


0.1 


0.4 


+ 


0.1 


5 


-Ac, 4 ■■■■ 


0.5 


+ 


a.2 


0.3 


+ 


0.2 


.0.4 


+ 


0.2 




M. tuber culosis '." 
rec. 65KD 5 


4.3 


+ 


0.5 


12.3 


+ 


1.9 


30.1 




2. ,6 


10 


M. tuberculosis 5 


8.5 


+ 


1.6 


11.5 


+ 


1.5 


118.7 


+ 


5.4 




M. bovis BCG 


9.4 


+ 


0.-7 


21.6 


+ 


2.3 


183.4 


+ 


19.0 




M. leprae 5 


0.5 


+ 


o.i- 


. -24.2: + 


2.0 


119.7 


+ 


15.5 



see notes of Table 5. 
15 T ■ - \ . 3 proliferative responses , in cpnu x 10" 3 + ; 
. .«Jtmi«A.dft?viation.for two ojrjfchree replicate studies 
using 10 ug/ral of each peptide. Positive values are 
underlined* '-' 

* Response in the absence of antigen* 
20 ^ - 5 - Affinity-purified recombinant M. tuberculosis 
65- KD protein at 50 ug/ml and: whole mycobacteria at 20 
ug/ml. 

- . : > The: results shown in Table 6 illustrate the 
25 clonal specificity for „.an t i gens of _ the scr eened 

peptides. Thus, T cell clone K8AH, specific to the 
M. tuberculosis complex [Oftung et al., (1987) J. 
Immunol . , 13^:927-931] exhibited a proliferative 
response upon stimulation with an inoculum containing 
-30 Peptide 24 (231-245) . The T cell clone A7JM, which 
shows cross-reactivity to M. tuberculosis and M. 
leprae ,- responded to stimulation by admixture and 
contact with an inoculum containing a different 
segment of the 65KD (540 protein) represented by 
35 Peptide 22 (211-225) but not- to inpcula containing 
the flanking and aver lapping peptides 21 (201-215) 
and 23 (219-233) . 
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The JM polyclonal T cell line also 
proliferated in response to contacting with inocula 
containing Peptides 24 and 22. That cell line also 
showed a significant proliferation in response to 

5 admixture and contact with an inoculum containing 
Peptide 23, whose sequence, overlaps both of those 
sequences of Peptides 24 and 22 f and that was 
predicted to fQrnt an, amphiphilic helix. Contacting 
the polyclonal T cell line with an inoculum 

10 containing Peptide 4 & (positions 451-465). also 
provided significant stimulation. — 

The genomic sequence* .of the 65KD protein of 
leprae and the; putative translation product of 
that gene have beer* .published.; ; -tMehra et al. # (1986) 

IS Proo^ Natl. Acadi. 3ci. USA> 83 r7011-7017. 1 A 

comparison of the 65KD protein amino acid residue 
sequences from: M. leprae and tt. tuberculosis shows 
the two sequences to ; be very similarv with only a 
relatively few. different residues between them. 

20 T cell clone ;A7JM had previously been shown 

to proliferate in response to stimulation by both 
whole M. leprae and whole M. tuberculosis . [Mustafa 
et al.y (1986) Lepr. Rev* Supply , 2:123-110.] 
Consistent with those findings,: clone A7JW also 

25 proliferated when admixed and contacted with an 

inoculum containing Peptide .64 f below, whose sequence 
differed from that o£ Peptide .22 by the conservative 
change of the residue at position 215 from glutamic 
acid. of Peptide .22 to aspartic acid. 



30 



C22) A V L E D P Y I L L V S S K V 
(64) AVLEEPYI L L V S S K V. 



T cell clone K8AH is able to discriminate 
35 between M» tuberculoid and M. leprae presented for 

stimulation as whole bacilli, and was similarly "able 



WO 88/06591 



PCT/US88/00598 



-69- 

to exhibit the same discrimination at the peptide 
level. Thus, the M. tuberculosis -related Peptide 24 
(231-245) could be used to stimulate clone K 8 AH $ 
whereas contact with an. inoculum containing Peptide 
5 65, below, having the .analogous M. leprae sequence 

did not stimulate that clone to proliferate. Inocula 
containing Peptide . 65 also .did not stimulate clone 
A 7JM or polyclonal cell line^ JM~. 

10 ... ,J24), L L P A.L _E Ry I_.G. A G K...P L . 

(65) L _L P L L B _K 7. X, Q.i.G K-S L. ^ 

. . As can be seen^ f rom a . comparison, jd! the 
above sequences of Peptides 24 and 65 r those peptides 
1.5. differ by the substitution,, of two residu^liear their 
car bo xy| termini . The- glycine (G) at., posi tipn ."245" .of, 
Peptide. 24 is . substituted., ^s .a, glutamine <QJ_ia. 
Peptide. 65, and the proline (P) at position 244 of 
Peptide 24 is substituted- as .a serine __{S) in Peptide 
20 65. ' " " " T. ' [ ' " ' " ... * ' 

„_ .Thqs f recognition of Peptide 24 by clone 
K8AJ must be. influenced by one or both of glycine-240 
and proline-244. rntere.stingly ^ an inoculum 
containing Peptide 25 (241-255) ..which, contains , 
25 prqline-244, did not cause stimulation of clone K8AH 
cells when admixed and contacted with those cells. 

A blocking study, was. carried out .to . _ 
determine whether an inoculum containing. Peptide 65 
could inhibit the stimulatory response caused by_ 
30 Peptide; 24 on cells of T cell clone. K8AH. Those 

. studies showed^ that the M . leprae rrelated Peptide 65 
could not block the response induced by the M. 
tuberculosis -r elated Peptide 24. - This finding again 
implies the criticality of one or both of the 
35 residues at positions: 240 and 244 of Peptide. 24. . 
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Further stimulation studies were carried out 
using M. leprae- re.lated and M. tuberculosis pepides 
and the before-mentioned T cell clones* and cell 
line. An inoculum containing Peptide 23 caused 

5 stimulation of the polyclonal cell line.- The 

sequence of that peptide is identical in both M. 
leprae and. M.. tuberculosis , (See also Table 6.) 

In ; addition, two : M . leprae— related Peptides, 
64 and 66, that each contain, a? single, amino .acid 

10 residue substitution as compared , -to, their analogous 
M . t tuber culos is- r elated Peptides, 22 and 46, 
respectively, also were capable of eliciting 
s.timulatiprv of leprae^ imaaune cell line JM when : 
inocula containing one Qj? the -cther y ~were admixed and 

15 contacted ^with those cells. : !«either M-r • - 

leprae^ r el&t ed pep ti de 64 nor Peptide _66 stimulated 
cells^at ,T cell clone .The sequences of Peptide 
66 and of its .analogous Peptide. 46 are shown belo v. 

20 (46) -I A F N S-G L.E P G V V : AJ K 

: . (66) ; I A F N-S G M E P G V-V A E K. 

Each; of Peptides, 64, 65, and- 66 corresponds 

substantially to- peptide 22/ 24 and 46# 
25 respectiyelyr.i~.That substantial ..correspondence 

notwithstanding r ;th$ results: above illustrate that 

there can be differences in reactivities of such 

peptides at the T cell-level. 

That, different reactivities, in- T cell r 
30 stimulation, were, found for substantially 

corresponding peptides that differed in sequence is * 

not particularly surprising in view of the type of 

interaction, thought to be involved in T cell 

stimulation: by an, antigen as compared to an 
35 antigen- antibody interaction. 
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Thus, an antigen-antibody interaction is 
usally considered to be a relatively simple 
ligand-receptor interaction in which substitutions of 
polar for polar (e.g., glutamic for aspartic in 

5. Peptides 22 and 66) or apolar for apolar of about the 
same^size (e.g., leucine for methionine in Peptides 
46 and 67) typically are not of great. .consequence* 
indeed, it has been shown that for some 
influenza-related 13-residue pegtidesi, drastic.,. 

10 substitutions can occur with litftle differences being 
noted in binding by a monoclonal antibody raised to 
the parent peptide.. See,_for example U. S Eat :ent No. 
4,631,211.. . J ' ' 

- . ? J 3 ®!!, stimulation , on the other hand , i s 

15. thought to resemble a sandwich in^which the T cell 
and. the_ an_tigen-presenting : or ^feeder cell are the 
bread and the antigen is the filling.* Thus;, a 
peptide antigen must bind to two receptors, one on 
the T ceil, and the~ other , , believed to. be one or more 

20 proteins of the major his tpcorapatibility complex 

(MCH) , pn^ the feeder cell. In addition,^ the binding 
between antigen and each of tjie_. T cell, and feeder, 
cell receptors,, is thought to be. weaker than, is the 
usual antigen-antibody binding. It was not therefore 

25- surprising that the glycine to glutamine and proline 
to serine substitutions between peptides 24 and 65 
resulted in.dif f er^nces in T cell stimulation* 

As noted previously, T cell stimulation can 
be manif est, in a number of manners . The previous 

30.. discussion has centered primarily on in vitro and i_n 
A vivo proliferation assays. The results discussed 

below using T cell clones K8AH and A7JM illustrate, 
further manisf es tations of T cell stimulation, . and 
manners in which such stimulation can be determined. 

35 Standard assays for secretion of IL-2, 

granulocyte macrophage-colony stimulating factor 
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(GM-CSF) and iriterf eron-gamitia secretion into the 
supernatants of aqueous stimulatory T cell cultures 
were conducted using the above-cloned T cells to 
illustrate stimulation. Cytotoxicity against 
macrophages .pulsed, with the . same stimulatory peptide 
or whole mycobacteria was also assayed. Details of 
these studies are provided in the Materials and 
Methods Section % .The results are shown in „Table 7, 

belOW. . „ . . r ...... • . ... r . j * p\ ;.. r . . : , : 

.= ^ Protein 540 Peptide-Induced 
StimuLatory Responses In T-Cell- Clones 1 



15 , T cell clones' 



m-2 



..GMrCSf 



IFN- 



:: .Cytotoxi- 



■ Gaiama ^ city g 



K8AH.+ APC 



4.0.2 



. ( 9%); 



-10; 



20 % r K8AH + APC-+ 
Peptide 24 _ 



9.-4+0.6 ... 15S+3a (>100%> .56 : 86- 5+0-6 



25 



K8AH + APC + : / 

M. tuberculosis 7 -6+0 . 2 . 37±3S : _ fc.71%) 



44 



85.8+2.9 



A7JM + APC , 0.2 ,y 



.5+*, ; 4%l: 



5+1 



ND 



30 



A7JM APC + 
Peptide. 22. . 



6.8+0,6. . 135+4. (>100%). .61+7 



82.7+10 



A7JM, + APC + . 
M. tuberculosis 6.8+0.1 



160+14 (>1.Q0%> 40 



84. 7+3 



35 . T cell clones were- stimulated by. the peptide 

antigen shown hereinbefore to specifically activate each 
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clone. stimulation was assayed by four methods, T cells 
and antigen-presenting cells (APC) without, antigen were 
used as negative controls in all assays. Results are 
expressed as the mean + standard deviation (where 

5 calculated) "* of duplicate or triplicate cultures. 

' • ' 2 : culture contents in addition to the medium 
are shown" in each entry, with plus signs {+) indicating 
the presence of mixed cellular components and antigen 
(peptide or M. tuberculosis ) , where present." 

10 3 Results expressed in units per ml' 1 . 

Assay based oh* three independent studies 
using three different bone marrow donors. Results are 
expressed in colony-forming units of GM per 2x1 0 5 
ceils/* Parenthesized percentages relate to the number of 

15 colonies induced by a GM-CSF" positive control supetnatant . 

^ Results expressed' international units per ml . 
*~ Results expressed as percentages as discussed 
in the Materials and Methods^ Section . APC + antigen was 
used as a negative" control . 

20 7 ND ■ hot done". 

"The results of Table 7 illustrate further 
standard techniques that are" useful" in determining 
the presence of stimulated T cells in addition to the 

25 proliferation assays discussed before. 

Assays of T cell clones K8AH and A7JM 
indicated that both showed" the helper/indiicer 
(T4 + # T8")"i>henotype. Cells of the T4 + 
phenotype are primarily helper cells that recognize 

30 antigen plus class II HLA proteins . such cells are 
also known to exhibit cytotoxicity as is shown in 
Table 7. 

Tuberculosis" is a disease in which the 
cellular portion of the immune response is involved 
35 to the. substantial exclusion of the humoral 

(antibody) portion of the immune" response. Thus , the 
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ability of the preferred peptide antigens to 

stimulate the T cell clones to not only proliferate 

but to also secrete IIr-2, GM-CSF, and interferon 

gamma, each of which constitutes, a portion of the * 

5 cellular .immunity reapQnseL /; indicates that those • 

peptides, their polymers , and mixtures thereof, as * 
well as the 540 protein (65 KD : protein) can play an 
important role in protective, immunity:. : . ~ z ~ 

That role in cellular immunity: is : 

10 underscored by_ the macrophage ^tota^^ity r> .^hibit 

by tbe_ clones stimulate?! by- .the peptide Sb or- the; whole 
mycobacteria^ Similar aytotoxicit^ ifor other— . 
myco u bacterLar reMti < ve<,T ceiJL clones has been 
reported • ~ _ [Mustafa ,st JlSBJ^r, Clin»; Exp>^ 

15 Immunol ^/, 69:255-262-7 Kaufman et al 5: .^19861,- Lep. 

Rev. 57 r Supply 2; 1P1-.11L. ] . . gowever^ it !C ijSfe believed 
that the above results are the. f irst; demonstration 
that the s.ame, sequence. p£,pae ; prot^inj.anti^en- are- . 
involved, in. both T cell help and cytotoxicity . : . the: 

20 in viva, role, of such T4* cytotoxic: ?- cells : is- • - 
believed to destroy those macrophages- that have 
become incompetent to. kil^ their -\ 
intraceilularly-growing nLyc^^^ ■ 

7 . A preferred peptide, was r pre iviously described 

25 herein as_being. capable- ofL stimulating , : : -~ 

mycobacter i ally* immune, mononuclear, cells, and such, a 
peptide was said to. be. usef ul, in assaying for present 

or prior _ immunological exposure of - such, cells to 

• • - - * • ^ 

mycobacteria-. ,A particularly^ preferred: peptide or 

30 its polymer is also capable of immunizing an animal 

for protection, against mycobacterial: inf ection such 

as M. tuberculosis . _ 

Thus, the present invention also 

contemplates a vaccine against mycobacteria such as 
35 M. tuberculosis that comprises a physiologically 

tolerable diluent containing as immunogen an 
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immunizing effective amount of (i) a peptide whose 
amino acid residue sequence corresponds substantially 
to a particularly preferred T cell-stimulating 
peptide described herein or (ii) a polymer of such a 

5 particularly preferred T cell stimulting peptide as 
described herein. 

Exemplary, particularly preferred peptides, 
include Peptides .22 and 24. . Further particularly 
preferred peptides are those whose sequences 

10 correspond substantially: to a sequence of the M. 

tuberculosis 540 protein or. another mycobacterial 65 
KD protein and contain 5 to about 40, more preferably 
about 10 to about 20 residues, and. still further are 
capabl.e of stimulating proliferation of 

15L mycobacteri.ally- immune, and for a tuberculosis 

vaccine, M. tuberculosis -immune, T cells that exhibit 
the T,4* and/or T ; 8 + phenptype v 

Further particularly., preferred peptides can 
be, obtained, by^ following, a procedure similar to that 

20. discussed previously • Polyclonals T cells from one or 
idtfr'e~'l'ri3Xvrdanf7^ c l9 contacted, with an inoculum 
containing a peptide_such. as one of those of Tables 2 
and A, and more particularly peptide? such as those 
of Tables 5 and 6. that have already been shown 

25 capable of stimulating proliferation of. 

mycobacterially-immune T cells. The peptides. . 
inducing proliferation are noted and the. . 
proliferating T cells are cloned by the limiting 
dilution technique as described by Oftung et al.,. 

30 (1987) J. Immunol ., 138 :927-031 . The phenotypes of 
the proliferated T. cells are determined as with the 
OKT series of monoclonal antibodies available from 
Ortho Diagnostic Systems, Inc. of Raritan, NJ. One 
or more of the peptides capable of causing 

35 proliferation of T cells having the T4 + and/or 
T8 + phenotype is utilized in the vaccine. 
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More preferably, a mixture of peptides,, 
polymers having such peptides as repeating units, or 
a polymer whose repeating units are a mixture of such 
peptides that cause proliferation of 14* and/or 

5 T8 + T cells is used, . The reason of this preference 
stems from the already noted MHC restriction. In 
addition, there is usually found an MHC. restriction 
between T4 + and T8 + -T cells* the former . . ); 
recognizing 'antigen . plus. ..class g r MHC. protein, and the 

10 latter recogni zing .antigen. plus ^class^I .MHC . protein. 

Peptides ^thafc^ correspond substantially to 
portions of v the: 517 prptei^ fre^^sp^as^ful . herein, 
and. are defined as to- substantial correspondence 
similarly., to those- peptides. discugse<3 before. _ The 

15 peptides? subs tantially. corresponding^ to a sequence of 
the 517. protein can. .contain, af- f es^ as five .residues 
and are_ therefore, sapevhat,^, shorter than, are' the - - z 
shortest of the peptides- discussed; before. V- 

Three.. peptides^ (denominated^ 55, 56 , and 57) 

20 and their, yar ianta sutetajitially- correspond to ... 
sequences , written from, left; to right in, the 
direction from aaino-tenaijius- to. car^xy-terainus and 
using one letter code, having the formulas 1 

25 55) N N N I ' 07~777~ v a 7 

; 56) X G N 2 G, and. _ : . . - . 

57) F H S G S G nTg : F^(f) ~G N S G - 

wherein X is an amino acid residue selected 
30 front the group consisting of F,. S, T, L, D and T; 2 
is_ an amino acid residue selected from the group 
consisting of T, I, L, S and V; and the parenthesized 
residue, can replace the residue shown to its left in 
the sequence.. Thus, in peptide 57, F and I are 
35 alternative residues. More preferably, X is selected 
from the group consisting of F, ,S and T; and 2 is 
selected from the group consisting of T and I. 
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Using the before-described consensus matrix 
to calculate whether the variant pentapeptides 
defined hereinbefore by the consensus sequence XGN2G 
correspond substantially, one finds that all of those 

5 variants correspond substantially at least at 99% 
confidence level. This can be readily seen by 
determining the greatest differences caused by 
substitutions > then calculating the resultant 
consensus matrix score, and comparing that value to 3 

10 times the number of residues compared, 5, (3xi5»15) . 
~* u ' Thus, for the X residue, substituting an 
He (I) for an Asp (D) residue, or a Ser (S) for a 
Phe (P) provided ie^Vaiu^^^ matrix. 
Similarly for^lSV 3ab^titufcion^df lie (I) for Ser (S) 

15 or Ser (S) f or (^providss^alvaFue^^of -2 from 
the matrix IV s Since- two GV/ -(G) residues; -and the - 
Ash" (N) residues are present^in-. any- ofithe before 
compared" consensus pentapeptide sequences, the 
presence of th&se residues J provides a- score of 22 

20 (8+6V8»22)V Subtraction of J f ive { (~3)*:(-2) 1 for the 
above ^substitutions from 22 provides a total score 
for the compared" pentapeptides" of 17. 

" Since 17 is greater- than 15, any of the 
above substitutions to the consensus sequence 

25 provides pentapeptrdes that : correspond substantially 
at least at thir 99% confidence T level'/ Furthermore, 
since the above substitutions caused the greatest 
numerical difference in the Aot at: scored any other of 
the befoie-discussied substitutions for both X and 2 

30 in the" consensus sequenced product 

i.e., where X is Thr or Leu and Z is Thr or Leu, in 
"the consensus sequence produces a total score that is 
larger than 17," and" consequently , all of those 
pentapeptides also correspond substantially to each 

35 other at least at the 99% confidence level. 
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Peptides 55 and 56 are typically utilized as 
one of a plurality of repeating units of a polymer 
having a relatively low molecular weight; i.e., less 
than about 10,000 daltons in weight. The smallest 

5 such polymer, or oligomer, contains two of the five 
residue peptides (pentapeptides) bonded together 
through a peptide bond formed between the 
carboxy- terminal residue of a first pentapeptide 
repeating unit and the amino-terminal residue of a 

10 second pentapeptide repeating unit. 

For. example, Peptide 57, above, cain be 
viewed as a polymer or oligomer having two such 
pentapeptide repeating "units "bonded^ together by a 
peptide bond/ arid also contai hihg an addi^iohail four 

15 residues at the" ami no- terminus of "the oligomer . 

Similar calculations can also- be carried out 
for variants 1 of the dtheY peptides disclosed herein 
as one means of determining whether ar "peptide with a 
different sequence from one "of those specifically 

20 enumerated corresponds substantially to a 

specifically enumerated peptide, cTr to a portion 
thereof. For- the purposers~;of epitope-paratope 
interactions, sequences containing at least five 
residues are~ the shortest ^sequences that should be 

25 compared since at least five or six residues appear 

to be required for epitope-pafatope^interaction. See 
for example, Elder et'ai. (1987) " j. Virol . 51:3-15; 
Atassi (1975) Immuhochemistry 12:423-438; and 
Benjaiatrii et al* (1969) Biochemistry £: 2242-2245. 

30 Similarly, the sequence in isolated form 

NNNIGNNNIGNNNIG 

that is also present at nucelotide positions 3270 
35 through 3226 of Figure 2 can be considered a 

polymeric or oligomeric trimer of the sequence of 
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peptide 55. Likewise, an isolated form of the 
sequence from nucleotide position 3210 through 
position 3107 can be viewed a polymer or oligomer 
that contains .eight XGHZG pent ape ptides ..repeated . 

;5 Each. -Qf above polymers, or, oligomers contains a 

plurality of the pejitapeptLde, repeating, units bonded 
together; by peptide -bonds. 

- Solid phase peptide synthesis techniques, as 
are . de&Qribedrtn- the^bef or e-discussed IKS* Patents 

10 whose. disclosures, are u: Lncot jpqrated herein by. „ y; 
relecenc^fc ar-.e bygically the moat useful means of 
preparation for, qligqntera ^<ai^ :: pol^ecs..contala^g up 
to a total, of latoufctfic^*^^^^ l^h^ 
repeating pentapeptide uni ts > ^ . .^^.^ - » : - 

JL5 *■ l * Genetic en^n.eeftin^ ^tQGhniques ,3S f: a^e 
described herein ar-e «%^i?^aclx T uaef^l for 
preparing ..iarge* paLyraars : that, ^cpntain .more th^n 
about weight pentapeptide -repeating . units . . Pgr 
example d* -double - stranded : DNA .molecule having the 

20 sequence -shown in. Figure 2-.ecom :: nucleo.tide , position. 
2959 -through :nuoleptide':pQsition ... 3303 , and in p^ase 
with the illiw^ sequence of 

protein ;517 can be excised f rom , Tj the larger -molecule 
shbwa -in -Figure ^ o* synthesized : f ton appropriate 
25 deoxyribonucleic : acidrderiyatives! using known 

techniques*. and thereafter ligated r into --an,. : 

appropriate pLasmid .vector for .expressing a peptide, 
polymer that, cor responds, substanfci ally in sequence to 
the. polymer containing the pent^peptide -repeating.. 
30 units shown beneath the . sequence at : those positions 
in Figure 2. - 

■. Higher molecular weight polymers; i.e., with 

average mol eculas .weights of ; „about 10,000 to 
1,000,000, or more, containing one or more of the 
35 above 540 protein or 51.7 protein pent^peptide 

repeating units caj^ also be prepared by oxidatively 
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polymerizing a peptide that is terminated with 
cysteine (Cys; C) residues, or a "diCys- terminated" 
peptide. The resulting polymer thereby contains its 
repeating units bonded together by oxidized cysteine 

5 (cystine) disulfide bonds." 

For example, each of the before-discussed 
540 protein peptides or 517 protein pentapeptides can 
be synthesized* to contain an. additional, Cys residue 
at each of the amino- and carboxy-termini to provide 

10 diCysr- terminated peptides xn their reduced forms. 

After synthesis, in a typical laboratory preparation, 
10 milligrams of: the diCys_ pepjtide, (containing . 
cysteine, residues, in un-oxidized form) are dissolved 
in 250 r milliliters (ml) of 0.1 molar (M) ammonium 

15 bicarbonate buffer. . The, dissplye.d, diCys- terminated 
peptide is. then, air oxidi zed by stirring the 
resulting solution gently for period, of about 18 
hours in the air, or until there is no detectable, 
f ree mercaptan by the Ellman test. {See Ellman,. 

20 Arch." Biochem. Biophys^ / 82;J0-7? (1959) .1 

" " ~ " The" polymer so prepared contains a plurality 
of the synthetic, peptide repeating units that, are 
bonded together by oxidi ze_d cysteine (cystine) 
residues. _ Such polymers, typically contain their 

25 peptide repeating units , bonded together in a 

head-to-tail manner as well as in head-to-head and 
tail- to-tall manners; i .e. , the *"amino-termini' of two 
peptide repeating units can be bonded together 
through a single cystine residue as can two 

30 car boxy 1- termini since the linking groups _at both 
peptide termini are identical. 

A 517 protein pentapeptide repeating unit 
can itself be contained in the form of an oligomer 
containing up to about eight pentapeptide repeating 

35 units, or in a shorter peptide such as the 14-residue 
Peptide 57. Still further, a genetically engineered 
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polypeptide such as that prepared from the DNA 
sequence of nucleotides at positions 2959 through 
3303 that has been further engineered to include 
codons for Cys (TGT or TGC) at the 5',- and 3'-ends 

5 can alsp be polymerized. - ■ 

The molecular weight of such a polymer can 
be controlled .through -the addition .of .chain-r " 
terminating, cea.gen.ta.,.,. .Exemplary chain terminating 
reagents, are cysteine its^lL an.^a -peptide such, as a 

10 be£pre-descci]«d^i|entegeptUe that further; includes a 
single Cys^ residue, prefer ably -.at, .a terminus*.. 

. The full, names. .for individual. ..ami no acid , 
residues, are, sometimes .used herein, as are.the^. . 
well-known three letter abbreviations. One letter 

15 abbr evi at i ana, z Cco.4e), i^s .al,so. j^tiiizedU The Table . of 
Corr : es-g^d.ence ^ L below r; provides the , lull name as well 
as the Jthree letter ^nd one. letter, abbreviations for 
each . amino acid residue named herein (See, for 
example ^ L*. atryer Biochemistry ,. 2nd jed • r W .. H . 

20 Freeman and Company., San- Francisco, (1981) , page 

16).._ The- amino acid, residues, utilized herein are in 
thev-naturaly L,, ? f orm unless., otherwise seated. - 

. Table of. Correspondence . 
25 Z :, : . a _ . Three letter - On^^ketter 



30 



35 



Amino acid . 


. abbreviation ... . 


symbol 


Alanine 


: Ala., i : 


: A. - 


Arginina 


Arg. _ . . 


R . 


Asparagine - 


Asa 


T : ; N . . 


Aspartic acid 


... Asp . 


■ D 


Asparagine or. 


aspartic acid Asx 


. B 


Cysteine 


"cys 


. c 


Glutaraine, 


Gin _ 


Q 


Glutamic acid 


Glu. 


E 


Glycine 


Gly 


.. G 


Histidine 


His - 


. H . 
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Isoleucine 


He 


i 




Leucine 


Leu 


L 




Lysine 


Lys 


K 




Methionine 


Met 


M 




Phenylalanine 


Phe 


F 




Praline , 


pro ;~ 


- "P 




Serine 


Ser" 


• s 




Threonine : 


Thr . 


T 




Tryptophan 


.... ■ - Trp 






Tyrosine: 








Valine- 


•• - ---- val 


- - V * 





IIL MATERIALS AND METHODS - 
. j p A> Recombinant studies -- ~ : " - 

155 L Bacteria, Phage and Plasaids " 

z~ The^ B. coli strains used in this -worfc were 
BNN97 [Young et als, (1983)' Science , 222; 773-782; 
ATCC 37194] t JM8.3 EYanisch-Perroh et al . > (1985) ', 
Gene, 33:103-119; also ATCC 35607]; JM101 - 

20 [Yariisch-Perron et al;? (1985) ,- Qene> 33 : 103^119; 
also ATCC -33876] ; -Y1089 [ Young et al. , (1983) , 
Science , 222:773-782; also ATCC 37196]; and Y1090 
[Young et al., (1983) , - Science, 22,2 : 778-732; also 
ATCC 37197]:, Plasmids pUC19 [YaniscSh-Perron et al . f 

25 (1985), Gene , 33:103^119] and PMC1871 [Shapira et 
al., (1983), Gene , 25:71-82] were purchased front 
Pharmacia Fine Chemicals, Piscataway, NJ. The 
recombinant DNA library of M^ tuberculosis genomic 
DNA fragments in the ^ gtll vector was constructed by 

30: R. Young et al* (1985), Proc. Natl. Acad. Sci . PSA , 
82:2583-2587, and made available through the World 
Health Organization 1 s Program for Research in the 
Immunology of Tuberculosis. Recombinant phage 
/ ARY3143 and ARY3146 were generously provided by 

35 R.A. Young [Whitehead Institute, M.I. T.; Young et 
al., (1985) , Proc. Natl. Acad. Sci. USA, 
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82: 2583-2587] . Subclones of the mycobacterial DMA 
inserts in these recombinant phage were constructed- 
in pUCl9 or M13mp9 [Messing et al . , (1982), Gene , 
19:269-276; M13rap9 is listed for sale in the August, 

5 19 83 catalog of Bethesda Research Laboratories^ Inc.] 
vectors- using standard recombinant DNA techniques 
[Maniatis et al.. , (1982), Molecular Cloning - a 
laboratory martual , Cold Spring Harbor Laboratory, 
Cold Spring Harbor, NY]. 

10 - 2.. Antisera ... 

Monoclonal antibodies specific for the 55KD 
antigen were obtained^ from., the. Immunology of. 
Tuberculosis Scientific Working Group under a grant 
from the. WHO/World Bank/UNDP. Special. Program for 

15 Vaccine Development. - These antibodies included IT-13 
[WTB-78; Coates : et; al, f (1981) Lancet , 2*167-169]; 
IT- 31 [SA2D5H4; T. Buchanon unpublished] and IT-33 
[MLIIH9; Gillis. et al. , (1982), Infect,- Imrnun. ,, 
32:172-178]. Anti-beta-galactosidase antibodies were 

20 purchased from Cooperbioraedical, Malvern, PA. 
Polyclonal .rabbit, antisera directed against a 
sonicate of M. tuberculosis strain H37RV were 
elicited as previously-described [Minden et al., 
(1984), Infect. Immun. , 46: 519-525] . 

25 3. Imraunoscreening of Agtll-M. 

tuberculosis Library 

. . Clones reactive with the monoclonal 
antibodies specific for the 65KD antigen were 
isolated essentially as described by Young et al . 

30 [Young et al . , Proc . Natl . Acad . Sci . USA , 

82:2583-2587]. Briefly, for each 150 ram LB plate, 
0.6 ail of a fresh overnight culture of Y1090 cells 
were infected with l-2xl0 5 plague- forming units 
(pfu) of the library. After 3.5-4 hours of growth at 

35 42°C, the plaques were overlaid with a dry 

nitrocellulose filter that had been saturated with 10 
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millimolar (mM) isopropyl-beta-D-thiogalactopyranoside 
(IPTG; available from Sigma Chemical Co.). The 
plates were incubated an additional .3.5-4 hours at 
37°C and then removed to room temperature and the 

5 position of the filters marked. 

The filters were washed briefly "in TBST [50 
mM Tris-HCl, pH 8, 150 raM NaCl, 0.05% Tween 20 
[pblyoxyethylene (20) sorbitan monolauratej] and then 
incubated in TBST plu£ 20% fetal calf "serum. After 

10 30 minutes at room temperature ', the filters were 
transferred to TBST pi vis antibody. ' 

For the initial screen, the antibody mix 
contained a 1:1000 dilution of admixed IT-13, IT- 31, 
and IT-33. The filters were incubated with the 

15 antibody solution" overnight at 4°C with gentle 
agitation, washed xhr TBST and reacted^ with 
biotinylated goat anti-mouse immunoglobulin, the 
Vectastain ABC reagent , and developer as" described by 
the manufacturer (Vector Laboratories, Burlingame, 

20 CA) After the color had developed, the filters w<ere 
washed With several changes of water and air dried. 

Phage corresponding to positive signals were 
twice -plaque-purified. To determine which monoclonal 
antibodies reacted wi : th which of the recombinant 

25 Phage, about lOfr pf u of a purified phage stock we>re 
inoculated in a small- spot on a lawn of Y1090 E. coll 
on an LB (Luria-Bertani broth) plate. The phage were 
allowed to grow and induced to synthesize the foreign 
proteins as described above. r The filters were then 

30 reacted with a 1:1000 dilution of one of the 

monoclonal antibodies. The subsequent steps were the 
same as for the initial screen. 

4 . Western Blot Assays 

Cells containing phage or plasmids in which 
35 the expression of the foreign sequences was under the 
control of the E. coli lac gene regulatory sequences 



were induced to synthesize the foreign proteins by 
incubating the cells in the presence of 2.5 raM IPTG 
for 2 hours. Crude lysates of cells expressing 
^ gtll recombinants were made as described in Huynh 
et al; (1985), DNA Cloning Techniques; A Practical ; 
Gover, ed., IRL Press, Oxford, Vol. I, pp. 49-78. 
Briefly, those lysates were made by harvesting cells 
from overnight cultures and resuspending the cells in 
10 mM Tris pH 7.5, 10 mM EDTA containing 100 ug 
lysozyme/ral. After 10 minutes' at room temperature, 
sodium dodecyl sulfate (SHS) was added to a final 
concentration" of 0.5%. A protease inhibitor 
(Trasylol , Boehringer Mannheim, Indianapolis, IN) was 
added to all crude~ lysates at a final" concentration 
of 0.03%-0.3%. " 

The crude- protein preparations were 
electrophofcesed on 10% pblyacrylamide-SDS 1 Laenntiii 
gels [Laemmli, (1970) Nature, 227 'i 680-685] , and the 
separated proteins electrophoretically transfered to 
nitrocellulose- [Tbwbin et al . , (1979) , Proc. Natl, 
Acad, Sci . USA , 76; 4350-4354] ~. The immobilized 
proteins were reacted with a 1:1000 dilution of 
monoclonal antibody IT-13 in TBST overnight at 4°C. 
The nitrocellulose filters were then washed, -reacted 
with peroxidase-conjugated goat anti-mouse 
immunoglobulin, and developed as previously described 
[Niman et al., (1983)/ Proc. Natl. Acad. Sci, USA , 
80:4949-4953] . 

5. Nucleic Acid Sequencing 

The sequences of 5 f -end-labeled restriction 
fragments of the mycobacterial DNA were determined by 
a modification of the partial chemical degradation 
technique of Maxam and Gilbert [Brow et al., (1985), 
Mol . Biol. Evol . , 2:1-12; and Maxam et al . , (1976), 
Proc. Natl. Acad. Sci. USA , 74:560-564]. For the 
M13/dideoxy sequencing studies, Sau3AI fragments, from 
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the mycobacterial DNA inserts were subcloned into the 

BamHI site of Ml3mp9. Phage DNA was isolated from 

the M13 recombinants and subjected to the dideoxy 

chain termination sequencing reactions [3iggin et * 

5 al. , (1983), Proc. Natl/ Acad. Sci. USA / 

j80: 3963-3965; and Sanger et al . , (1980) , J. Mol. * 
Biol. , 143:161-1781 . The products of the sequencing 
reactions were electrophoresed on 6% acrylamide/7& 
urea/0, 5-2. SxTBE gradient sequencing gels, [3iggin, 

10 (1983), Proc. Natl. Acad. Sci .USA , 80: 3963-3965] « 

The gels were dried under vacuum and exposed to Kodak 
XRP-1 film* The nucleotide sequences were determined 
independantly . for both strands of the mycobacterial 
DNA. " 7 J 

15 Computer-aided analyses of the nucleic acid 

sequences and deduced protein sequences were; 
performed using the databases and programs provided 
by ^he Nucleic Acid and Protein Identification, 
Resources of the National Institutes of Health as 

20 well as the programs of Chow et al., (1978) Adv. 

En2ym . , ^7: 45-148 and Hopp and. Woods [Hopp et al., 
(1981)/ Proc. Natl. Acad. Sci. USA , 78;3824-3828] > 
6. Beta-galactosidase assays 
Cells were grown in B broth or B broth plus 

25 2.5 mM IPTG to an optical density at 600 nanometers 
(OD g0fl } of about 0.3. Crude lys at es weremiade, and 
beta-galactosidase was activity assayed as described 
by Miller (1972) , Experiments in Molecular Genetics , 
Cold Spring Harbor Laboratory, Cold Spring Harbor r NY. 

30 7. Capacity of Recombinants 

to Elicit DCH 

a. DCH Assays 

Studies were carried out to determine 
whether the recombinant proteins or purified protein 
35 derivative (PPd) (Connaught Laboratories, Ltd., 
Willowdale, Canada) would elicit DCH reactions in 
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Hartley guinea pigs that had been imrauni zed. with 
sonicates of M. tuberculosis , M. bo vis or saline. 
Groups of guinea pigs were given three weekly 
intramuscular (i.ra.) injections of sonicates 
* 5 suspended in incomplete Freund's adjuvant (IFA) as 

the physiologically tolerable diluent. Each 
injection contained 1.0 milligram (mg) of protein. 
Some animals received a fourth injection so that one 

.. ^ : .. - . -. - ...... 

week after the final injection , all animals were 
10 tested intradennally (i . Test antigens' included 

the crude and parti ^IST purif ied ^recombinant extracts 
as well as saline and PPd as controls." Test antigens 
were used at 1-10 ug diluted in 100 ul of 
phosphate-buff ered saline ara pH value of pH 7.0 
„ 15 (PBS)/ containing 0.0005% Tween 20 as the 

physiologically tolerable diluent. "Groups of 
unimmunized guinea pigs were similarly tested . All 
i.d. injections were administered into shaved areas 
on guinea pig flanks.. Reactions .were read at 24, 48 
20 and 72 hours, and were considered positive when the 
diameters of erythema and indurated areas exceeded 
10 mm. 

b. Preparation of Crude Lysates 
E. coli containing a plasmid or lambda phage 
25 of interest were grown by incubation at 37 degrees C 
with aeration in 3-broth to late phase in which 
absorbarice at 600 nanometers (A 60Q ) was between 
approximately 0.4 and 0.6. IPTG was then added to a 
final concentration of 10 raM and the bacteria were 
30 further incubated for. two hours. 

The bacterial culture was then chilled on 
ice for 10 minutes and the cells were harvested by 
centrif ugation at 6000 rpm for 10 minutes. The 
resulting cell pellet was washed once in TBS (50 mM 
35 Tris, pH 8, 150 raM NaCl) by resuspensiori and 

recentrif iguation, and was thereafter resuspended 
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(Sigma Chemical Co., St. Louis, MO) in a volume of 
TBS with 0,5 molar sucrose equivalent to 1/10 the 
original culture volume. Lysozyme was added to the 
resulting resuspended solution to a final 

5 concentration of 50 ug/ml, and that admixture was 

incubated for 10 minutes at 37 degrees C. Cells were 
harvested by centrif ugation and were "resuspended in 
an equal volume * of TBS . Thereafter, DNAse, Trasylol 
and SDS (Sigma) were added to the resulting admixture 

10 such that the final concentrations were 1. ug/ml, 0.1% 
and 1%> respectively. That admixture was further 
incubated at room temperature for a time period of 10 
minutes with periodic mixing to effect completion of 
cell lysis. The resulting crude lysate was stored at 

15 -20 degrees C until use. 

c. Partial Purification of 
Expressed 65KD Protein 

Proteins containing the 65KD antigens were 
partially purified from crude lysates of E. coli 

20 expressing that protein by differential ammonium 

sulfate precipitation. To that end, a crude lysate 
was first combined with a solution of saturated 
ammonium sulfate (SAS) to give a final concentration 
of 30% of the original lysate concentration. 

25 Precipitation was effected as is well known in the 
art, and the resulting supernate was retained „ The 
supernate was then combined with SAS to give a " 
concentration of 50% of that of the original lysate, 
and precipitation effected again. The resulting 

30 pellet was retained, resuspended in PBS and dialysed 
against PBS. This resulting dialysed material is 
referred to as partially purified. 

d. Preparation of Extracts 
of H. tuberculosis 

35 M. tuberculosis strain H37Rv and M. bovis 

strain 3Cb were obtained from the culture collection 
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of the National Jewish Hospital and Research Center , 
Denver , CO, and grown as previously described [Minden 
et al., (1972) Science , 175 : 57-58 and Minden et al. , 
(1972) Infect. Immun ., 6:574-582]. 

5 Babteria were then heat-killed and. broken by 

sonication with ultrasonic treatment until, by 
microscopic examination, greater than 95% of the. 
cells were disrupted. These disrupted bacteria were 
then subjected to ultracentrif ugation at 200,000xg 

10 for a time period of 2 hours, and the supernate was 

retained-. The supernates so obtained' are- referred to 
as H37RV-S and BCG-S 7 , repectively, and their - 
antigenic and biological- characteristics have been . 
described, 

15 B . Peptide Studies 

1. Mycobacterial antigens - 
Armadillo derived killed M. leprae was 

supplied by" Dr. R. J. W. Reels,* Mill Hill in London, 
from the IMMLEP (WHO) bank. M. tuberculosis and 

20 M. bovis BCG were kindly donated by Or. Eng, National 
Institute of Public Health, Oslo, Norway. Bacilli 
were killed by irradiation (2.5 m rad) . Recombinant 
M. tuberculosis 65 KD antigen, expressed from ?.gtll 
as a beta-galactosidase fusion protein, were purified 

25 from 5. coll lysates prepared as described in Oftung 
et al., (1987) J. Immunol . , 138: 927-931 on a high 
affinity anti-beta-galactosidase column (Promega 
Biotech, Madison, TJSA) . 

2. Synthetic peptides; 

30 The protected peptide resins were prepared 

by usual Merrif ield solid phase techniques in groups 
of 100 by the method of Simultaneous Multiple Peptide 
Synthesis (Houghten, (1985) Proc. Natl. Acad. Sci, 
USA , 82:5131-5135; and Houghten et al., (1985) Inter. 

35 J. Pept. Prot. Res ., Ylx 573-678 ] ,- and 1 were cleaved 

twenty-four at a time in a- new multi-vessel apparatus 
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[Houghten et al . , (1986) Biotechniques , 4^: 522-523]. 
Each synthesis resulted in the generation of 50-75 mg 
of peptide. Typical purities of the crude peptides 
ranged from 65-95%. 

5 3. T-cell clones and lines 

The T-cell clone £3 AH from a tuberculosis 
patient (AH) and the T-cell clone A7JM from a killed 
H. leprae- vaccinated person (JM) were established by 
the limiting dilution technique as described [Oftung 

10 et al., (1987) J. Immunol ./ 138:927-9311 . The T-cell 
line was raised from peripheral blood mononuclear 
cells (PBMC) of the donor JM by stimulation of 
2x1 0 6 PBMC/ml in complete medium (RPMI 1640 + 15% 
AB serum + 1% penicillin and streptomycin) with 

15 M. bo vis BCG (20 ug/ml) in 24-well Costar plates. 

After 6 days of incubation at 37°C in an atomosphere 
of 5% C0 2 and 95% air, antigen-reactive cells were 
expanded by adding 100 U/ml recombinant IL-2 two 
times per week. After long terra storage in liquid 

20 nitrogen, T cells were propagated in vitro by 
stimulation of 2xl0 5 cells/ml in 24 well Costar 
plates with whole bacilli as antigen (20 ug/ml) in 
the presence of 10^ irradiated autologous PMBC as 
feeder (antigen-presenting) cells and recombinant 

25 IL-2 (100 U/ml). Efficient expansion of clones and. 
lines was achieved by stimulation with antigen and 
feeder cells once and IL-2 twice per week. 
Determination of T cell subsets was performed as 
previously described [Oftung et al., (1987) * 

30 Immunol . , 138:927-931] . 

4. Peptide-Induced T Cell * 
Clone Stimulation Assays 
The following assays were carried out for 
the inventors by Dr. Fredarik" Of tung , at the 
35 Laboratory for Immunology, Norwegian Radium Hospital, 
Oslo, Norway. Initial assays for T cell stimulation 
were carried out using coded samples. 
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a. Antigen-Induced Proliferation 
of T-cell Clones and Lines 

Clonal (lxlO 4 ) or polyclonal (2xl0 4 ) T 
cells and irradiated autologous PBMC (lxlO 5 ) were 

5 distributed to each well of 96-well flat bottom 
Costar plates. Mycobacterial antigens as whole 
bacilli, recombinant antigens as affinity-purified 
material or synthetic peptides were then added in 
triplicates or duplicates. The £otal culture volume 

10 was kept at 200 microliters (ul).!. 

After 72 hours of incubation, the cultures 
were given a 4 hour pulse of 0.045 m3q 
[ 3 H1 -thymidine (specific activity » 185xl0 3 . 
mBq/mM) . Cells were then harvested and radioactivity 

15 incorporated was determined by liquid scintillation 
counting (Mustafa et al., (1983) Clin. Sxp. Immunol ., 
52: 29-371 . 

The results are expressed as mean * 
(triplicates or duplicates) values of counts per 

20 minute (cpm) . Cells were considered to be 

proliferating in response to a given antigen where 
cpm in cultures with antigen minus cpm in cultures 
without antigen was more than 1000 and cpm in 
cultures with antigen divided by cpm in cultures 

25 without antigen was more than 2. 

b. Lymphokine Production and Assay 
T-cell clones (2xl0 5 cells/ml) were 

distributed to wells of 24-well Costar plates with 
adherent cells from lxlO 6 irradiated autologous 

30 PBMC plus antigen at optimal concentrations. Cell 

free supernatants were collected after 15 or 48 hours 
of incubation and stored at minus 20°C until assayed 
for lymphokine activities. IL-2 activity in 
supernatants harvested after 16 hours of incubation 

35 was determined by their ability to stimulate an 
IL-2-dependent mouse T-cell clone (CTLL 2) to 



WO 88/06591 



PCT/US88/00598 



-92- 

proliferate [Mustafa et al., (1985) Clin, Exp, 
Immunol , , 52:474-4811. Granulocyte macrophage-CSF 
(GM-CSF) activity in the same supernatants was 
assayed by the capacity of the supernatants to induce 

5 colony formation in mononuclear bone marrow cells 

[Dahl et al. # _ (1972) Acta Pathol, Microbiol. Scand, 
Sect, 3 , 80:853-8701. Supernatants harvested after 
48 hours were usad to determine interf eron-gamma 
activity by the method of Dahl and Degree [ Acta 

10 Pathol. Microbiol, <3cand. Sect. 3 , 80:863-8701, using 
human embryonic lung fibroblasts and vesicular 
stomatitis virus as the challenge virus. 

c. Cytotoxicity assay 
Adherent cells from lxlQ 6 autologous 

15 irradiated PBMC in 24-well Costar plates were pulsed 
with antigens at optimal concentrations and the 
density of T cell clones was adjusted to lxlO 5 
cells/well. After 7 days of incubation, T cells were 
washed off, and 0.5 ml of 0.03% neutral red (in 

20 saline +10% PBS) were added to each well and the 
plates incubated for 30 minutes, Neutral red was 
then removed from the wells by washing, and the dye 
taken up by macrophages was released by adding 0.5 ml 
of 0.05 M acetic acid in 50% ethanol [Parish et- al. r 

25 (1983) J. Immunol, Methods . 58:2251. Percentage 

cytotoxicity was calculuated from spectrophotometry 
absorbance measurement at 540 nanometers [0D 54(J ] 
according to the formula: 

30 Cytotoxicity (%) ~ O D 540 con » ~ 0D 540 st ud ? 

OD 54Q con. 

where OD 540 con. = O& 540 of control 
cultures with adherent cells + T-cell clonesr and 

35 OD 540 study =• OD540 of stud y cultures with 
adherent cells + T-cell clones + antigen. 
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5. Peptide-Induced Pooled T Cell Stimulation 
Stimulation assays of pooled human T cells 
were carried out for the inventors by Dr. Stefan 
Kaufman of the Max Plank Institute for Immunology, 

5 Freiberg, West Germany. Again, coded samples were 
supplied for the assays. 

The assay procedure was as follows. 
Mononuclear cells were isolated from peripheral blood 
of M. bovis BCG- vaccinated persons on Ficoll-Hypaque 

10 gradients [Emmerich et al., (1986) J. Sxp. Med ,, 

163:1024-1029; and Boyum, (1963) Scand. J. Clin. Lab. 
Invest . , 21 (Suppl. 97); 31], and were used to seed 
wells of a 96-well microtiter plate at about 2xl0 5 
cells/well. Antigen was then added at 0.1 ug/ml, 1 

15 ug/ml and 10 ug/ml. 

After six days of culture, 1 microCurie 
(uCi) of [ 3 H]-thyraidine was added to each well. 
Eighteen hours later, cultures were harvested on 
glass fiber filters. Thymidine incorporation was 

20 measured in a liquid scintillation counter. 

For the assays of Table 5, the PBMC were 
pooled. For the studies conducted related to HLA 
restrictions, the PBMC were kept separate and the HLA 
alleles ascertained by standard techniques. 

25 The present invention has been described 

with respect to preferred embodiments. It will be 
clear to those skilled in the art that modifications 
and/or variations of the disclosed subject matter can 
be made without departing from the scope of the 

30 invention set forth herein. 



35 



WO 88/06591 



PCT/US88/00598 



•94 

WHAT IS CLAIMED IS: 

1. An isolated DNA molecule that consists 
essentially of the nucleotide sequence, from right to 
left and in the direction from 5'-end to 3 f -end, that 

5 corresponds substantially to the sequence represented 
by the formula in Figure 2 from about position 3950 
to about position 2390, and in a consistent reading 
frame coding for a 517 amino acid residue protein of 
Mycobacterium tuberculosis . 

10 2. The DNA molecule of claim 1 having the 

sequence that consists essentially. of the nucleotide 
sequence, from right to left and in the direction 
from 5 f -end to 3' -end, corresponding to the sequence 
represented by the. formula in Figure 2 from position 

15 3943 through position 2398. ■ - 

3. A plasmid vector comprising a replicon 
operationally linked to a foreign DNA sequence that 
corresponds substantially to a DNA molecule of 
claim 1, said vector being capable of replicating 

20 said foreign DNA sequence in a replication/expression 
medium. 

4. The plasmid vector of claim 3 wherein 
said replication/expression medium is a unicellular 
organism. 

25 5. The plasmid vector of claim 3 further 

including sequence-encoded signals for initiation and 
termination of transcription that are operationally 
linked to the 5 '-end and the 3' -end, respectively, of 
said foreign DNA sequence and compatible with said 

30 replication/expression medium for transcribing a 
product coded for by said foreign DNA sequence and 
expressing a protein product coded for by said DNA 
sequence. 

5. The protein produced by expression of 
35 . the protein coded for by said foreign DNA of said 

plasmid vector of claim 5. 
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7. A bacterial culture comprising bacteria 
that contain the plasmid vector of claim 5 in an 
aqueous medium appropriate for the expression of the 
517 amino acid residue protein of Mycobacterium 

* 5 tuberculosis , 

8. A method of producing a 517 amino acid 
ci residue protein of Mycobacterium tuberculosis 

comprising the steps of: 

(a) culturing a replication/expression 

10 medium containing a plasmid vector for replicating 
and expressing a foreign DNA sequence contained 
therein, said vector containing a foreign DtfA 
sequence corresponding substantially to the DNA 
molecule of claim 1, said vector additionally 

15 containing operatively linked nucleotide sequences 

regulating replication and expression of said foreign 
DNA sequence, said culturing being carried out .under 
conditions suitable for expression of the protein 
encoded by said foreign DNA sequence; and 

20 (b) harvesting the expressed protein that 

is encoded by said DNA sequence. 

9. The method of claim 10 wherein said 
replication/expression medium is a culture of 
unicellular organisms. 

25 10. A method for determining previous 

immunological exposure, of a mammalian host to 
Mycobacterium tuberculosis or Mycobacterium bovis 
comprising the steps of: 

(a) administering intradermally to an 
f 30 assayed mammalian host an inoculum that consists 

essentially of the purified 540 amino acid residue 
protein encoded for by the DNA sequence of Figure 2 
or an immunologically active portion thereof, said 
protein dissolved or dispersed in a physiologically 

35 tolerable diluent and present in said diluent in an 
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amount effective to induce ■ erythema and induration in 
a mammalian host previously immunized with 
M. tuberculosis or M. bovis ; 

(b) maintaining said mammal for a time 
period of about 24 to about 72 hours; and 

(c) assaying for the presence of erythema 
and induration at the site of intradermal 
administration at. the end of said time period. 

11. The method of clainrJLO wherein said 
purified protein is a recombinant /protein. 

12. The method of claim 11 wherein said 
purified protein is a recombinant fusion protein that 
contains a portion of a beta-galactosidase molecule 
bonded to the amino-ternrinus of an immunologically 
active portion of said 540 amino acid residue 
protein. 

13. An inoculum consisting essentially of 
the purified 540 amino acid residue antigen coded, for 
by the sequence of Figure 2 or an immunologically 
active portion thereof dissolved or dispersed in a 
physiologically tolerable diluent and present in said 
diluent in an amount effective to induce erythema and 
induration in a mammalian host previously immunized 
with M. tuberculosis or M. bovis . 

14. The inoculum of claim 13 wherein: said 
protein antigen is a recombinant protein. 

15. The inoculum of claim 14 wherein said 
recombinant protein further includes a portion of the 
beta-galactosidase molecule bonded to the 
amino-terminus of an immunologically active portion 
of said 540 amino acid residue protein. 

16. A peptide that consists essentially of 
a 5 to about 40 amino acid residue sequence that 
corresponds substantially to a sequence of the 540 
amino acid residue protein or the 517 amino acid 
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residue protein coded for by the DNA sequence of 
Figure 2. 

17. The peptide of claim 16 wherein said 
sequence corresponds substantially to the sequence of 
5 the 540 amino acid residue protein represented by a 
formula written from left to right and in the 
direction from amino-terminus to carboxy-termninus , 
selected from the group consisting of 
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18. The peptide of claim 15 wherein said 
sequence corresponds substantially to the sequence of 
the 540 amino acid residue protein represented by a 
formula written from left to right and in the 
5 direction from amino-terminus to carboxy-terminus , 
selected from the group consisting of 
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L 


L 


V 


S 


S 


K 


V 


S 


T 


V 


K 


D 


L 


L P; 




L 


L 


P 


L 


L 


E 


K 


V 


I 


G 


A 


G 


K 


P L; 




A 


I 


. L 


T 


G 


G 


Q 


V 


I 


S 


E 


E 


V 


G L; 




I 


A 


P 


N 


S 


G 


L 


E 


P 


G 


V 


V 


A 


E K; 




A 


R 


R 


G 


L 


E 


R 


G 


L 




A 


L 


A 


D A V 


K V; 


E 


K 


I 


G 


A 


E 


L 


V 


K 


E 


V 


A 


K 






G 


L 


K 


R 


G 


I 


E 


K 


A 


V 


E 


K 


V 


T E T 


L; a 


I 


E 


D 


A 


V 


R 


N 


A 


K 


A 


A 


V 


E 


E G. 





19. The peptide of claim 16 wherein said 
sequence corresponds substantially to the sequence of 
20 the 517 amino acid residue protein represented by a 
formula written from left to right and in. the 
direction from amino-terminus to carboxy-termninus , 
selected from the group consisting of: 

IS N N N I G, 

X G N Z G, and 

FNSGSGNIG P(I) G N S G 

wherein X is an amino acid residue selected 
30 from the group consisting of F, S, T, L ., D and I; Z 
is an amino acid residue selected from the group 
consisting of T, I, L, S and V; and the parenthesized 
residue can replace the residue shown to its left in 
the sequence. 

35 
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20. A polymer comprising a plurality of 
peptide repeating units , said peptide repeating units 
consisting essentially of an amino acid residue 
sequence that corresponds substantially to a sequence 

5 of a 65KD mycobacterial cell wall protein-a, said 
peptide repeating units having the capacity of 
stimulating T cells immune to the mycobacteria of 
said 65KD mycobacterial cell wall protein-a. 

21. The polymer of claim 20 wherein said 
10 mycobacterium is W. tuberculosis or M. bovis . 

22. The polymer of claim 21 wherein said 
peptide repeating units consist essentially of a 
sequence, written from left to right and in the 
direction from amino-terminus to carboxy- terminus, 

15 represented by a formula selected from the group 
consisting of 

• 

AVLE. DPYILLVS SKV; 

LLVSSKVSTVKDLLP; 
20 LLPLLHVI6AG KPL? 

AILTGGQVI 5 B E V G L) 

IAFNSGLEPGVVAEK; 

ARRGLSRGLHALADAVKV; 

EKIGAELVKEVAKK; 
25 GLKRGIEKAVERVTETL; and 

IEDAVRNAKAAVEEG. 

23. The polymer of claim 22 wherein said 
peptide repeating units are bonded together by 

30 oxidized cysteine residues present at the termini of 
said repeating units. 

24. The polymer of claim 20 wherein said 
mycobacterium is M. leprae , and said peptide . 
repeating units consist essentially of a sequence, 

35 written from left to right and in the direction from 
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amino- terminus to carboxy-terminus, represented by a 
formula selected from the group consisting of 

AVLEEPYILLVSSKV; and 
5 IAFNSGM2PGVVEK. 

25. A polymer comprising a plurality of 
pentapeptide repeating units, each of said 
pentapeptide repeating units consisting essentially 
10 of a sequence, written from left to right and in the 
direction from araino-terminus to carboxy-terminus , 
represented by the formula 

N N N I G; or 
15 X G N Z G, 

wherein X is an amino acid residue selected 
from the group consisting of F, S, T, L, D and I; and 
t is an amino acid residue selected from the group 
20 consisting of T, I, I, s and V. 

26. The polymer of claim 25 wherein said 
oentapeptide repeating units are bonded together by 
oxidized cysteine residues present at the termini of 

said repeating units. 
?s 27. A method for assaying for the presence 

of an infection of M. tuberculosis in a patient 
comprising the steps of: ^ 

a) providing a solid phase support 
comprised of a 540 amino acid residue -protein coded 

30 for by the M. tuberculosis genome or an 

immunologically active portion thereof as antigen 
affixed to a solid phase matrix? 

b) admixing a liquid sample from a patient 
with said solid phase support to form a solid-liquid 

35 phase admixture; 
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c) maintaining said admixture for a time 
period sufficient for antibodies to said 540 amino 
acid residue protein present in said sample to bind 
to said antigen of said solid support; 

d) separating the solid and liquid phases; and 

e) determining the presence of antibodies 
bound to the solid phase support. 

28. The method of claim 27 wherein said 
antigen is a recombinant protein. 

29. The method of claim 28 wherein said 
recombinant protein is a fusion protein that further 
includes a portion of the beta-galactosidase molecule 
bonded to the amino-terminus of said antigen. 

30. A diagnostic kit comprising a package 
that contains a solid support comprised of a purified 
540 amino acid residue protein encoded by the 

M. tuberculosis genome as antigen affixed to a solid 
phase matrix. 

31. The diagnostic kit of claim 30 further 
including a second package that contains a labeled 
reagent that reacts with human antibodies bound to 
said solid support. 

32. A method for ascertaining the presence 
of mycobacter ially- immune mammalian mononuclear • cells 
in a body sample comprising the steps of 

(a) admixing and contacting mammalian 
mononuclear cells to be assayed in an aqueous medium 
with a stimulating amount of both antigen-presenting 
cells and a mycobacterial antigen to form a 
stimulatory cell culture, said mycobacterial antigen 
comprising 

(i) a 55KD cell wall protein-a of said 

mycobacteria, 

(ii) a recombinant fusion protein 
containing an immunologically active portion of said 
65KD protein, or 
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(iii) a peptide consisting essentially 
of a sequence of 5 to about 40 amino acid residues 
that correspond substantially to .a sequence of the 
55KD cell wall protein-a of said mycobacteria and is 

5 capable of stimulating- mycobacterially-immune T cells; 

(b) maintaining said stimulatory cell 
culture for a time period sufficient for 
mycobacterially-immune mononuclear cells present to 
be stimulated and to evidence stimulation; and 

10 (c) determining the presence of mononuclear 

cell stimulation. 

33. The method of claim 32 wherein said 
mycobacterially-immune mononuclear cells are immune 
to either M. tuberculosis or M. bovis , and said 

15 mycobacterial antigen is a peptide antigen that has a 
sequence of about 10 to about 20 amino acid residues. 

34. The method of claim 33 wherein said 
peptide antigen has a sequence, written from right to 
left and in the direction from amino-terminus to 

20 carboxy-terminus , represented by a formula selected 
from the group consisting of 

AVLEDPYTLLVSSKV; 

LLVSSKVSTVKDLLP? 
2 5 LLPLLEKVIGAGKPL? 

AILTGGQVISEBVGL; 

IAFN5GLSPGVVAEK; 

ARRGLERGLSALADAVKV; 

EK I GAELVKEVAKK; 
30 GLKRGISKAVEKVTETL; and 

ISDAVRNAKAAVEEG. 

35. The method of claim 34 wherein said 
method is carried out in vivo , said antigen- 

35 presenting cells are provided endogenously and said 
aqueous culture medium is endogenous blood or lymph. 
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36. The method of claim 34 wherein said 
method is carried out in vitro , and said stimulation 
is determined by an assay selected from the group 
consisting of (i) mononuclear cell proliferation, 

5 (ii) interleukin-2 secretion, (iii) interf eron-gamma 
secretion, (iv) granulocyte macrophage-colony 
stimulating factor secretion and (v) cytotoxicity. 

37. The method of claim 34 wherein said 
peptide antigen is present as a polymer having 

10 repeating units comprised of said peptide antigen, 
and said peptide antigen repeating units are bonded 
together by oxidized cysteine residues at the termini 
thereof. 

38. A diagnostic assay kit comprising a 
15 container that includes a mycobacterial antigen 

present in an amount sufficient to carry out at least 
one assay, said mycobacterial antigen comprising 
(i) a peptide antigen, 
(ii) a polymer of said peptide antigen 
20 repeating units in which said peptide antigen 

consists essentially of a sequence of 5 to about 40 
amino acid residues that correspond substantially to 
a sequence of the 540 amino acid residue protein 
coded for by the DNA sequence of Figure 2 and is 
25 capable of stimulating mycobacterially-immune T cells, 

(iii) a fusion protein that includes an 
immunologically active portion of said 65KD cell wall 
protein-a. 

19. The diagnostic assay kit of claim 38 
30 wherein said mycobacterial antigen is a peptide 
antigen or a polymer of said peptide antigen 
repeating units, and said peptide antigen and said 
peptide antigen polymer repeating units have an amino 
acid residue sequence, written from right to left and 
35 from amino-terminus to carboxy-terminus, represented 
by a formula selected from the group consisting of 
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AVLEDPYILLVSSKV 



LIiVSSKVSTVKDLLP 



LLPLLEKVIGAGKPL 



AILTGGQVISEEVGL 



IAPNSGLEPGVVAEK 



10 



ARRGLERGLNALADAVKV; 
EKIGAELVKEVAKK; 
GLKRGIEKAVEKVTETL; and 
IEDAVRNAKAAVEEG. 



40. A vaccine against mycobacterial 



infection comprising a physiologically tolerable 
diluent and an immunizing amount of (i) a peptide 

15 containing a sequence of 5 to about 40 amino acid 
residues whose amino acid residue sequence 
corresponds substantially to a sequence of a 
mycobacterial 55KD cell wall protein-a and that is 
capable of stimulating T cells immune to said 

20 mycobacter ium that have a phenotype selected from the 
group consisting of T4 + and T8 + , or (ii) a 
polymer having said peptide antigen as repeating 
units . 



25 mycobacter ium is M. tuberculosis and said peptide 
antigen or said peptide antigen repeating units 
contain about 10 to about 20 amino acid repeating 
units. 



30 peptide has a sequence, written from left to right 
and in the direction from amino-terminus to 
carboxy-terminus , represented by the formula 



41. 



The vaccine of claim 40 wherein said 



42. 



The vaccine of claim 41 wherein said 
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AVLEDPYILLVSSKV; and 
LLPLLEKIGAGKP L. 

43. Paratopic molecules that immunoreact 
5 with a peptide, containing 5 to about 40 amino acid 
residues that corresponds substantially in sequence 
to the 540 amino residue protein coded for by the DNA 
sequence of Figure 2 and also to said 540 amino acid 
residue protein. 
10 44. The paratopic molecules of claim 43 

wherein said peptide has an amino acid residue 
sequence, written from right to left and in the 
direction from ami no- terminus to carboxy-terminus , 
represented by a formula selected from the group 
15 consisting of 

MAKTIAYDEEARRGL; and 
KASVPGGGDMGGMDF. 



20 



25 



30 
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VL£j OBSERVATIONS WHERE UNITY OF INVENTION IS LACKING ' 



This International Searching Authority found multiple inventions In this International application as follows: 

I. Claims 1-9 are drawn to gene for Mycobacterium 

tuberculosis with plasmid vector and bacterial culture, 
classified in class 536, subclass 27. (SEE ATTACHMENT). 

As aH required additional search lees were timely paid by the applicant this International aearch report covers all searchable daime 

of the International application. TELEPHONE PRACTICE 
2T1 As only some o* the reouired additional search tees were timely paid by the applicant, this international search report covere only 
^"""^ ihoae claims of the Internauonal application for which feoa were paid, specifically claims: 

3.Q No required additional search fees were timely paid by the applicant. Conseouentry. this international search reoort la restricted lo 
me Invention first mentioned in the claims; it la covered by claim numoers: 



4.fl At all searchable claims could be searcned without effort iusufying an additional lee. 
— invite payment ot any aoamonal fee. 

Remark on Protest 

The additional aearcn teee were accomoanied by applicant's protest. 

Q No protest accomoanied the payment o» additional search fees. 



the International Searening Authority did not 



Form PCT/ISA/210 (supplemental sheet (2)) (October 1981) 



PCT/US 88/00598 



ATTACHMENT TO FORM PCT/ISA/21Q, PART VI .1 

II. Claims 10-15 and 40-42 are directed to vaccine and 
inoculation tor Mycobacterium tuberculosis or 
Mycobacter ium bovis , classified in class 424 and subclass 
92. 

III. Claims 16-26 and 43-44 are drawn 'to protein from 
Mycobacterium tuberculosis gene and peptide fragment of 
proteins, classified in class 530 subclass 350. 
IV Claims 27-39 are directed to Immunoassay and 
Diagnostic Kit for Mycobacterium tuberculosis , classified 
in class 435 and subclass 7. 



